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THEORY OF OPERATION, DESCRIPTION

The general theory of the hydrogen maser is described
in the literature

KLEPPNER, GOLDENBERG, RAMSEY,

Theory of the Hydrogen Maser,
Physical Review 126, No 2 (1962)

KLEPPNER ET AL,

Hvdrogen-Maser Principles and Techniques,
Physical Review 138, No 4A (1965)

AUDOIN, € (in english)

The Hydrogen Maser as a Frequency Standard
Laborateoire de l'Horloge Atomic,
Equipe de Recherche du CNRS,

Bat. 221, Université de Paris-Sud,
91405 Orsay / FRANCE

and will not be repeated in detail here. Certain
aspects o©of the maser functioning will be covered in
this manual as a basis for understading the measurement
and setting of the various operating parameters.

4.1 MASER PHYSICS

The maser uses several physical atomic phenomena
for its action and characteristics

- H atoms in the ground state possess several
quantized energy states (levels) which can be
separated by the application of a weak
magnetic field (hyperfine splitting)

- if a population of atoms in a preferred
energy state can be selected and suitably
isolated they can be stimulated change from
their present energy state to another (allo-
wed} energy state by a quantum transition,
and in the process give up or absorbe energy,
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a photon is the unit of energy associated with the
process of release or absorption accompanying the
transition from cne energy level to another. The
energy levels are quantized and the photon fre-
quency corresponding to a given transition is
precisely related to that transition, and is the
same for all the atoms in that state

if an interaction volume contains a large majority
of atoms in a chosen state, the radiation (or
absorption) of photons will be at a coherent
frequency. The degree of coherence is determined
by the length of time the atoms remain in the
interaction volume. This dwelling or storage time
for atoms usually used in atomic resonators 1is
from a few milliseconds to a second or more. The
hydrogen maser storage time is about one second.

when a photon emission of an atom occurs and
irradiates another atom in the corresponding
energy state, that atom can change state and in
the process emit a coherent photon which in turn
will be available to stimulate ancther atom, and
SO on.

when the density of atoms in a volume is suffi-
cient, and when they can exist during their
storage time sufficiently unperturbed, the total
coherent energy available due to the stimulaticn
will build up until the whole population of atoms
in the wvolume will be participating in the pro-
cess.

The process can be sustained by replenishing the
volume with atoms in the preferred state, and
allowing the atoms having experienced transition
to escape.

the number cf the emitted photon is higher than is
necessary to stimulate the transition (here
emission}), and 1in this way the total c¢oherent
photon energy exceeds that necessary to sustain
the stimulation of emission. This excess will
eventually be dissipated in the surroundings of
the interaction volume. If the enclosure 1is
properly arranged, the excess of energy may be
removed and detected by a suitable receiver.
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This process of energy generation at a c¢ocherent
frequency 1is called Microwave Amplification by
Stimulated Emission of Radiation (MASER), and
depending upon the atom chosen will occur at a
precise frequency.

For the Hydrogen Maser, this unperturbed frequency
is

fH = 1 420 405 751.768 + 0.002 Hz

In practice, this frequency is perturbed by
interaction of the hydrogen atcoms with the walls
of the interaction volume container, doppler
effects, interactions between the atoms themsel-
ves, etc. The resulting freguency for the EFQS
Maser is taken to be

fo = 1 420 405 751.689 Hz

Separation of the atoms in the preferred state is
accomplished by a weak magnetic field which also
perturbs the hydrogen frequency by a factor

2750 H2

where H 1s in Oersteds. Thus the expected opera-
ting frequency of the maser may be defined as
2

fo = 1 4290 405 751.68%9 + 2750 H

(fo in Hz
H™ in Oersted)

As part of the hyperfine splitting of the ground
state, the population of atoms may also be stimu-
lated to make a transition at a low frequency.
This fregquency is directly proportional the
magnetic field (Zeeman frequency) and is given by
£, = 1.42 x 10°w
(£, in Hz
H in Qersted)
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4.1.1 Maser elements

To achieve the conditions necessary for
MASER action, the following elements
must be provided

- a high wvacuum which allows the
atoms toc move freely in the
confined space

- a generator of atoms and state
- selector

- an interaction volume for contai-
ning the atoms during their transi-

ticn
- an electromagnetic structure
(rescnator) of sufficiently low

loss for extracting the energy

Refer to Fig. 4.1-1 for a mechanical
schematic of the EF0OS maser.

MASER CONSTRUCTION DESCRIPTION

The EFOS Hydrogen maser consists of the feollowing
elements.

Refer to Fig. 4.1-1.
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Dissociator, Fig. 4.2-1

Hydrogen, as found in its natural state, 1is a
molecule of two atoms (H,) which must be separated
by some means in order present the H atom in the
microwave cavity. This breaking down of the H
molecule into two atoms is accomplished in thé
dissociator where, in fact, the generation of H
atoms is part of an ionization process produced by
a high intensity RF signal. The plasma discharge
thus formed is dependent upon several important
parameters (values for EFOS maser)

aj pressure (0.1 to 0.2 TORR)

b} size of physical container (@ 6 ¢m x 8 cm)

c) level of RF excitation (6 to 10 watts)

d) collision effects between atoms, ions, walls

of the contalner, atomic cross-sections, etc.

The physical container for the discharge is a
cylindrial glass bulb one end of which 1s necked
to form a collimator for the hydrogen atoms
escaping the container (Fig. 4.2-1)

The glass bulb is in turn contained within a helix
which 1is an integral part of a resonator formed
with the dissociator housing. The plasma discharge
is formed and maintained by a RF power oscillator
(100 to 150 MHz) coupled to the helical resonator
via a tuned loop.

RF power oscillator

The RF power oscillator is a Clapp configuration
chosen for this application because of its ability
to oscillate and adapt to a varving load impedance
and the fact that circuit component values and
impedance levels are well suited for the frequency
range 100 to 150 MHz. The combination of oscilla-
tor and resonator makes it possible for the
discharge to be initiated without auxiliary means.
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State selector magnet

The state selector located between dissociator and
storage bulb 1is a gquadrapole magnet of usual
design.

The guartz bhulb

The gquartz bulb of about 4.5 1liters volume 1is
cylindrical in shape with hemispherical ends. This
inside of this bulb is coated with a thin layer of
teflon to minimize the interaction of Hydrogen
atoms with the bulb walls.

A resonant RF cavity

A resonant RF cavity contains the quartz bulb. The
cavity is made of aluminium and has an adjustable
end disc for setting the cavity rescnant frequency
to within a few kHz of the Hydrogen atomic resco-
nant freguency (1, 420, 405, 751 Hz). Fine tuning
of cavity frequency is accomplished by temperature
setting (~ +49°C}) and eventually electrically by
means of a voltage controlled varactor.

A single coupling loop mounted on the cavity wall
couples the maser energy to the receiver. Coupling
factor is chosen as a compromise for power ocutput
and load isolation.

The aligning magnetic solencoidal field (C-field)

The aligning magnetic solencidal field consists of
320 turns of fine copper wire wound on an alumi-
nium cylinder enclosing the cavity. A current of
lu A produces 8.2 U Oersteds. Nominal operating
C-field for the EFOS maser is in the range of
300 UQersteds te 1 m Oersted.

Heater system

Seven heating systems are used in the EF0OS maser,
to stabilize the microwave cavity, regulate the
hydrogen pressure for the dissociator, stabilize
temperature of the RF electronics.
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The temperature sensing element for each thermal
system is a thermistor and wheatstone bridge. A
preamplifier and power amplifier amplify the
bridge unbalance to provide a heating power
necessary to reduce the bridge unbalance toc zero
and thus stabilize the operating point at the
thermister value prescribed. These proportional
control systems function on DC signals throughout;
operational amplifier offsets and drifts are of
sufficiently low vwvalues as not to affect the
required thermal stability.

Final heating power contrel is obtained from a
pass—-transistor biased to regulate the heater
current, except for the two outer heaters (LO,
UQ). These heaters use power amplifiers which
provide an output derived from an AC duty-cycle
control proportional to the DC input to the power
amplifier. This mode of operation 1is more effi-
cient and requires less dissipative capacity in
the transistor and mechanical structure.

Refering to figure 4.1-1 heaters are disposed as
follows

{l) Lower - outer heater (LO)
{2) Upper - outer heater} on the bell-jar (U0}

(3) Lower - inner heater on the external (LI)
(4) Upper - inner heater} thermal shield (UI)

(5) Cavity heater (CAV)

(6} Upper vacuum feedthrcugh heater
{coax output of maser) (CALLE)

(7) Palladium pressure control heater

All heaters are provided with a proportional
contrel.

Besides the  Theaters, temperature control is
achieved in two ways :

al thermal shields, Fig. 4.1-1

b) an external vacuum system, § 4.2.2 below
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Magnetic shields

Shielding the maser cavity interaction space from
external magnetic £fields is important for maser
operation. The EFOS maser has 4 magnetic shields,
Fig. 4.1-1. Three of these shields are cylindric
and concentric to the C-field. An additional outer
shield 1s provided which also serves as the maser
housing. The shields are constructed of molyper-
malloy.

A demagnetization (de-gaussing) system is built
into the maser. This system allows passing a high
axial current through the C-~field aluminium
cvylinder, and is only necessary during the initial
construction of the maser, or after an important
change in external magnetic field (after shipping
and installing the maser, for ex.).

Vacuum chamber and pumping system

The maser vacuum system consists of two chambers

1) an outer vacuum envelope formed by the
bell-jar and containing all thermal shields
inner heating systems and RF cavity,

Fig, 4.2-2

2) an 1inner vacuum system which includes the
disscciator and the quartz storage bulb,
Fig. 4.2-3

Vacuum for the two systems is maintained by two
independent VAC-ION pumps of 20 1liters/second
capacity.

This technique has several advantages

a) high thermal isolation of the aluminium
cavity from the ambient temperature (thermal
gain » 10000)

b) long thermal time constants for the elements
within the vacuum envelope thus filtering
rapid ambient temperature changes. The time
constant is of the order of 24 hours

<) maser cavity 1is essentially independent of
ambient pressure

The pumping system also provides for external
pumping of inner and outer chambers and changing
of ION pump without losing vacuum, Fig. 4.2-2.



4/11

Youter

'V‘inner

i+

U
Tl

>HH

R

.
VACION {uufer]@ i @ VACION [inner]

TURBO

!
]

|
l; | i

Fig. 4.2-2 : VACUUM SYSTEM OF HYDROGEN MASER




4/12

A inner

| sforage buib

state selector

pirani gauge - source chamber
l A
I\ pumping fube
e
l o+———— dissociation buth
AN
pressure control @ [escittator
palladium
b 4
purge - ~E - Hy

Fig. 4.2-3 : HYDROGEN INTERNAL VACUUM




4.2.8.1

4/13

Ion pump operation

Ion pumps operate by ionizing gas in a magneti-
cally-confined cold-cathode discharge. The mecha-
nisms which combine to pump virtually all gases
encountered in a vaccum system are

1) trapping of electrons in orbits by a magnetic
field

2) ionization of gas by collision with electrons

3) sputtering of titanium by ion bombardment

4) gettering of active gases by titanium

5) diffuction of hydrogen and helium into
titanium

6) dissociation of complex molecules into simple

ones for easy pumping (for example, CH, is
broken down inte C and H,). Hydrogen 1is
pumped separately and carbon “resides in solid
form, no longer part of the residual gas.

The pumping action is accomplished by an array of
cylindrical elements c¢onnected as the anode
between two cathodes made of titanium vanes. The
pump wall forms a third electrode and is at the
same potential as the anode, Fig. 4.2.8-1. The
entire assembly is contained within a transverse
magnetic field, and as such 1s call a Triode
(Noble) pump.

- pumping speed 1is dependent upcon pressure,
Fig. 4.2.8-2, and the gas being pumped, Table
4.2.8-1

CONTROL UNIT
— - -

-

MAGNET
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‘ ——PUMP WALL FORMS
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_—
-

Fig. 4.2.8-1 : TRIODE (NOBLE) PUMP
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PUMPING SPEEDS FOR COMMON GASES
RELATIVE TO THAT FOR AIR

AIR 100%
NITROGEN 100%
WATER VAPOR 100%
ARGON 24%
HELIUM 30%

TABLE 4.2.8-1

1077
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- vacuum_3system pressure should be below
1 x 10 TORR for the best ion pump starting
capability. -

Use of a turbomolecular pump is recommended

for start-up operation 1in order to avoid

contamination by oil.

The time for the pump to start and pump-down
will depend upon several factors :

condition of electrodes because of exposure
to air or moisture, leaks, outgassing,
presence of foreign material in the pump, and
hydrogen absorption into the titanium. The
latter characteristic is of importance in the
maser because of the predominance of hydrogen
in the pumping of the internal vacuum system.

- pump-down time required will generally
increse with age of the pump. During start-
up, pump heating causes release of water
vapor (if present} and some previously pumped
hydrogen which lengthen starting time.

Vacuum system valves

There are four valves in the maser which allow two
vacuum system manipulations :

1) attach an external turbomolecular pump to
either inner or outer vacuum system, or both
simultaneously

2} close the internal or external vacuum system

in the maser during ion pump replacement

These valves do not have to retain vacuum during
their actuation, and therefore are of the "gate-
valve"type. The wvalve mechanical structure 1is
designed so that the closing diaphragm is trans-
lated across the vacuum line, and then by means of
a cam and roller mechanism moved axially against
the wvalve seat. The mechanical linkage continues
its +travel for a short distance, creating a
locking action in the mechanism.

The action of passing the center-lock position is
felt in turning the knob on the valve.
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Hydrogen pressure regulator system

The hydrogen pressure regulating system uses two
basic elements to establish the desired pressure

1) PIRANI PRESSURE GAUGE

2) PALLADIUM VALVE

Piranli pressure gauge
Two physical principles are used in the operation
of the PIRANI gauge.

1) a metal wire increases in electrical resisti-
vity when heated

2) the thermal conductivity of a gas is a
function of the pressure

Between two bodies heat may be echanged by radia-
tion when a vacuum exists between them, or by
radiation and conduction when a gas exists between
them. In the PIRANI gauge used in the EF0S Maser a
resistive element is surrcunded by an enclosure
which is heated to a constant temperature. The
heat transfered to the resistive element, and
therefore its resistance, will depend on the
conduction between the heated envelope and the
resistance element. In this way, the resistance is
an effective indication of pressure.

Palladium valve

Palladium has the special property that when at an
elevated temperature it becames porous to hydro-
gen. The porousity depends upon temperature, and
in this manner the palladium can control the flow
of hydrogen in the system.

Pressure regulator

By using the resistance element in the PIRANI
gauge to control the heat in the palladium valve,
a simple pressure regulating system can be reali-
zed, Fig. 4.2-4.
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4.2.10 Magnetic field controller

The magnetic field (C-field) controller,
Fig. 7.11, is supplied from a regulated power
supply of 15 V ahd consists of a stable zener
reference and voltage - to current converter.

4,2,11 RF output signal isolator

The output signal isolator of the maser 1is a
circulator providing 30 &dB isclation to the
maser output. Access to one of the circulator
ports makes it possible to measure the maser
cavity £frequency, coupling factor, and Q with
negligible load change on the maser. The
cavity varactor voltage tuning characteri-
stics can be readily determined as well as
the cavity pulling factor. All of these
parameters are useful in evaluating the
performance characteristics of the maser.

RF OUTPUT

RF output from the EFO0OS maser is provided at the
hydrogen frequency 1 420 405 751 Hz through a tempera-
ture stabilized circulator, see § 4.2.11 above. Maser
output 1level is a nominal ~106 dBm depending on the
particular operating point of the maser (C-field,
dissociator pressure, magnetic homogeneity, etc.).

RECEIVER SYSTEM, Fig. 4.4-1

The EF0S receiver has been designed and constructed
with emphasis on low phase noise performance. This is
necessary in order to exploit to the maximum the maser
oscillator characteristics. Refer to figure 4.4-1 for
the receiver system block diagram.

The low noise amplifier at 1.46 GHz 1is acommercial

AVANTEK (N,F. = 2.8 dB). The multiplier is built at
OSCILLOQUARTZ SA and has typical characteristics
&9
A G € 1 RAD/®°C
and
sp= 1007 g7t 4 10713 £°

measured at 1.4 GHz and referred to 5 MHz.



4/19

The multiplier is put in the temperature stabilized
maser head (thermal gain > 100) in order +to avoid
frequency change associated with temperature dependent
phase changes.

The frequency synthesis at 5.7 kHz has a noise at least
one order of magnitude below the measured performance
of the maser. Finally the 5 MHz isclation amplifier has

AS

@ < 0.1 RAD/°C

and is also hcocused in *the maser head for thermal
stability.

Frequency stability
Thecretical equation for maser frequency stability (see

for example REF 1) is given by the following asymptotic
egquation

1/2
+ ! X -1
Pryg Q2 T
where :
O'y(T) : two sample ALLAN VARIANCE corrected for

dead time of the measuring system
{see REF 2)
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EFOS PARAMETERS
Vo H H freguency
K 1.38 x 10743
T : Absolute bulb and
cavity temperature 315°K
PIN Power present ~13
inside the cavity 2.1 x 190 W
B Coupling factor 0.15
~14
BPIN = Pout =105 dBm = 3.16 x 10 W
F = Noise figure of the
RF amplifier 2,8 dB
fc = Cut-off frequency of
the measuring system 1 Hz
= : 9
Qg = H line Qg > 2 x 10
REF 1) P. Lesage, C. Audoin and M. T&tu,
Porced. of FCS 515-535 (1979)
REF 2) NBS Monograph 140

Time and Frequency Theory and

Fundamentals, p 166

- 190
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Receiver, phase-lock system

The receiver/phase-lock system is designed to synchro-
nize a 5 MHz crystal oscillator to the maser output-
signal. Since the hydrogen atomic £frequency is not a
direct multiple of 5 MHz, some method of synthesis must
be used to acceomplish the phase-lock. The EF0S Maser
system 1s illustrated in figure 4.4-1 and consists of
the following elements which are described below :

1)
2)
3)
4)
5)
6)
7}

4.1

RF section

Receiver section

Synthesizer

Phase detector and integrator
Frequency multiplier

Voltage controlled gquartz oscillator

Buffer amplifiers

RF section

The RF section contains the maser output
feeding the circulator. By terminating the
circulator third arm in 5?0 & load, the
circulator functions as an isolator protec-
ting the maser output from the effects of
load impedance variation. Alternatively, the
third arm can be use for interrogating the
maser cavity either to determine cavity
frequency or aid in maser evaluation.

The maser signal from the c¢irculator 1is
amplified in a broadband amplifier (about
30 dB). Then passed through a narrowband
filter to the first mixer-preamplifier. The
narrowband filter serves to suppress noise
from the image frequency presented to the
first mixer. A 1440 MHz, 1 mW local oscilla-
tor signal from the frequency multiplier is
applied to the mixer which then outputs a
19.594 MHz IF tc the receiver section via an
IF preamplifier. For a maser signal of
-105 dBm the 19.594 MHz level is about
-60 dBm.
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Receiver section

The receiver section serves four functions.

1) down converts the 19.594 MHz IF to the
5.751 kHz PLL comparison signal

2) provides a 10 MHz reference signal to the
synthesizer

3) provides a 5 MHz TTL output signal from the
maser

4) provides a 5.751 kHz receiver mcnitoring
output

The 180 MHz signal from the frequency multiplier
is divided by 9 to 20 MHz and mixed with the
19.594 MHz input from the RF section, Fig. 4.1...
The resultant 405 kHz signal is amplified and
again mixed with a 400 kHz signal divided again
{(by 50) from 20 MHz. After amplifying and filte-
ring. The derived 5.7 kHz signal is fed to the
phase detector.

The 20 MHz signal is divided by 2 and fed to the
frequency synthesizer; this 10 MHz signal 1is
further divided by 2 to provide 5 MHz buffered TTL
from the maser.

A 5.7 kHz envelope detector provides the receiver
monitoring output.

Synthesizer

The synthesizer is a 9-digit dividing logic system
which divides the 10 MHz reference to produce the
5.751 kHz phase lock loop comparison signal. The
last 6 digits of the divider are variable by means
of a remote digital switch. The first three digits
of the divider are fixed. One unit change in the
last digit of the sygigesizer changes the maser
frequency by 4.7 x 10 parts, Fig. 4.4-2 gives
details of the dividing factors.

Phase/frequency detector and integrator

The PLL uses a digital phase/frequency detector.
The frequency descriminating characteristics of
this type detector are desireable because initial
conditions can result in a 5.7 kHz beat freguency
which may be 100 Hz, or so, from the nominal
vaiue. The frequency discriminator action of the
detector will steer the oscillator frequency to
obtain a phase-lock acguisition.
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SYNTHESIZER
fin —1 _ — foyr
- 2N
81619 31019181212 - N
\_._,__V—._/
FIXED ——— 1 UNIT = -4.658 1015
.. Dy 1k
E] - 10'13
s - 10712
= - 10'11
= - IRTR
Synthesizer £ = fin
¥ € out 2N
. = fin
A e = =, x 4 N (for small A N)
2N
Afout _ fin
3 X AN
fH 2N fH
fH = hydrogen maser frequency = 1420405751, 6893 Hz
_ 7
fIN = 10 Hz
N = 869.309822
AN = 107°% (last digit)
Af = ~4.658 x 107%° for one unit in last digit
bl
H

Fig. 4.4-2 : SYNTHESIZER DIGITAL FREQUENCY CONTROL
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At lock, zero phase and frequency difference exist
between reference and oscillator frequency. The
digital sequential logic circuitry responds to
transitions in the twe input waveforms, therefore
phase error is independent of input waveform duty
cycle or amplitude variations.

The integrator following phase detection provides
the DC gain and filtering characteristics neces-
sary for the PLL response characteristics desired.

An auxiliary circuit wuses the phase detector
output to provide a phase-lock indication signal
which is diaplayed as green (lock} or red (uniock)
on the monitor receiver panel.

Frequency multiplier

The frequency multiplier multiplies the 5 MHz VCXO
output to the 1440 MHz used as local oscillator in
the RF section mixer/pre-amplifier. The multipli-
caticn (x288) is accomplished in two sections,

lst Section : 5 MHz to 180 MHz (x36) by
three stages of balanced
transistor multipliers
x 4, x 3, ® 3. These stages
use the balanced transistor
configuration in order to aid
harmonic rejection at the
multiplier stage output.
Selected low-noise transistors
and emitter degeneration are
used to obtain low 1/f ncise
performance.

2nd Section H 180 MHz to 1440 MHz by means
of a step-recovery diode. The
diode is self-biased and
produces 0 to +10 dBm output
power. A bandpass filter at
1440 MHz output provides
suppression of 180 MHz fre-
guency components.

An auxiliary 180 MHz output signal is derived from
the 1lst section as pilot for the receiver down-
converting system.
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4.4.6 Voltage controlled gquartz oscillator

The voltage controlled quartz oscillator is a
standard model B-5400 manufactured by OSCIL-
LOQUARTZ SA. Output is a 5 MHz with low phase
noise. The oscillator output, within the PLL
passband frequency 1is determined by the
characteristics of the maser output and the
frequency multiplier.

4.4.7 Qutput buffer amplifier

The 5 MHz buffer amplifiers consist of an
cascode stage and a emmitter follower comple-
mentary pair output amplifier. These ampli-
fiers are untuned in order to minimize phase
variations with temperature and provide the
best phase tracking characteristics.

MONITORING TRANSMITTER

Remote monitoring of 30 maser parameters is provided by
a digital data transmitting system, Fig. 4.5-1, monito-
ring transmitter block diagram.

A voltage analog is derived at each test point in the
maser which represents the measured value converted to
a scale factor (for example, the 2004 A C-field full
scale current 1s represented by a 4 V signal to the
monitoring transmitter). Figure 4.5-2 contains a
summary o¢f full scale monitored values and scale
factors.

The normalizing filter output is led to a digital
multiplexer which is segquencially scanned by a clock
input. Multiplexer output is then converted to BCD data
and serial output for transmitting to the remote
monitoring receiver via an opto-coupler and line-driver
for eventual de-coding and presentation in the monitor
receiver,

The clock sequency signal is also transmitted to the
remote receiver via an opto~coupler and line-driver for
eventual use in de-coding in the monitor.

Time for a complete data channel scam is about 320 p s,
Fig. 4.5-3.
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MASER ELECTRICAL SYSTEM BLOCK DIAGRAM

The maser electrical system block diagram 1s shown in

figure 4.6-1 =

HYDROGEN MASER PHYSICAL PARAMETERS

The following summarizes the hydrogen
associated with the EFQS.

-1. Frequency of oscillation

fo = 1420405751.689 Hz

-2. Magnetic field dependence
2

th = fo + 2750 H

fo 1420405751.689 Hz

Il

-3. Zeeman frequency

fz = 1.4 Hz /u QOersted

—-4. (C-field calibration

8.2y Oersted /u A

~-5%. Wall shift

maser parameters

f in Hz
H in Oersteds

16.4  Oersted / monitor digital unit

Fo<2x 107H
Cc
-6. Cavity pulling factor QH
Where : Qc = Cavity quality factor
QH = Maser line Q
- Qc -
1 x 10 5 < QH < 2 x 10 5
where Qc = 32 k for EFOS and QH depends upon

hydrogen pressure.
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Cavity temperature coefficient

_ - -5 [
Afc/fc = 2.5 x 10 7/+1°C

Dependence upon
external magnetic field perturbation

Afm = 5500 H x AH

fm fm

AHm = A H ext X magnetic attenuation
Attenuation factor =+ 5000

fm = maser frequency

H is in Qersteds

Oscillation threshold 3 < 100 uQersted

Residual magnetic field < 20 pOersted
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PERFORMANCE CHECK PROCEDURE

5.1 INTRODUCTION

Operating performance checks on the maser involve
two aspects

L)

2)

- output frequency stability
(short term and long term)

- internal operating parameters

Output freguency can only be checked by using
other frequency standards of adequate stabi-
lity and precision. Such measurements and
their necessary auxiliary equipment are
outside the scope of this manual, except as
described in the operators instruction
section (spin exchange tuning}.

Internal operating parameters are readily
checked by the maser monitoring system,
except for the hydrogen bottle pressure.
Under normal operating cenditions, the
following parameters may be expected to
change with time

a) hydrogen bottle pressure due to utili-
zation hydrogen

b ion pump current due to pump aging

c) VCX0 control voltage due to gquartz
crystal aging

Other parameters may be expected to change

according to the ambient temperature

- all heater voltages

5.2 OPERATING CHECKS

Operation of the maser should be checked pericdi-
cally by wsing the monitoring system. Reading
should be noted in the log-book.

For those parameters which are expected to change
with time as mentioned above
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c}
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Hydrogen bottle pressure

The hydrogen bottle pressure for normal maser use
will decrease about 10 atmospheres per year.
Bottle pressure can be checked by removing the
rear cover of the vacuum manifold compartment,
Fig. 1.1 (@) 2.1; 2.2

After the maser is transported, it is recommended
that the hydrogen system leak test described in §
2.4.2.b) be performed.

PLL VCX0O control voltage

The B-5400 guaxtz oscillator has a nominal aging
rate < 3 x 10 per vear. The nominal range _9f
voltage control for the oscillator is + 1 x 10 ,
therefore about three vyears operation should be
possible before the voltage contrel range 1is
exceeded. Bias voltage on the oscillator control
ig 5 Volts and when monitoring indicates a 1 Volt
departure from this wvalue the oscillator coarse
frequency control should be adjusted.

Ion pum

The expected life of the ion pump is 2 to 3 years
at the pressures existing in the maser. Further-
more, the pump current of the internal vacuum
system depends on the pressure of the hydrogen
system. From scme initial value < 600pu A the pump
current will gradually decrease until a steady
value of some 100 pyA is reached. Pump failure will
be noted by an increase in pump current and a 1loss
of vacuum in the maser.
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ADJUSTMENTS AND MEASUREMENTS

Measurements of the various parameters of the maser can
be divided into two categories

a)

b}

This
must

basic measurements of the physics or electronics

elements which do not change with time or +the

replacement of another components.

Example : the cavity frequency vs temperature
coefficient.

those measurements which must be repeated when

some parameter or element of the maser is changed.

Example : receiver output vs input

section covers measurements and adjustments which
be made when certain modules are changed,

RESUME OF MEASURED PARAMETERS

The maser log book contains the following data

-1 nominal operating values read out on monitor
and control panel

-2 receiver calibration

-3 maser output vs C-field, threshold

-4 Zeeman frequency |

-5 line Q (Qyp}

-6 cavity Q (Qc)

-7 cavity coupling factor, B

-8 test point voltages on heater pre-amp

-9 heater test point reading at cavity tempera-
ture setting



6/2

-10 cavity pulling factor
-11 dissociator pressure setting
~12 cavity thermistor temperature coefficient

-13 cavity tuning voltage - frequency calibration
curve

-14 spin exchange tuning data

-15 inner vacuum system minimum pressure {ion
pump current minimum)

Certain of the measurements depend upon the
physical construction of the maser and will not
vary with time, or as a function of other para-
meters. They are

-6 cavity Q
-7 cavity coupling factor

-12 cavity thermistor temperature coefficient

TROUBLESHOOTING, REPAIR OF MASER

The test data summarized in § 6.1 is useful in
troukbleshooting the maser. In addition, certain
tests and adjustments must be re-done and noted in
the 1log book when repairs of replacement of
modules is made. They are

Replacement of receiver

Receiver calibration, see § 6.2.1

Demagnetization

al maser output vs C-field threshold measure-
ment, see § 6.2.2

b} Zeeman frequency, see § 3.11

Replacement of heater preamplifier module -

a) Lo, U0, LI, UI, DALLE heaters. Test point
voltages on heater preamp, see § 6.2.3
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b)

c)
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for cavity temperature setting

- heater test point reading at cavity
temperature setting

- cavity thermistor temperature coeffi-
cient, see § 6.2.3-2

cavity frequency setting

- spin exchange tuning, § 3.11.5

For adjustment of cavity tuning see § 6.2.3

Replacement of dissociator

maser output vs C-field, see § 6.2.2
dissociator pressure setting

inner vacuum system minimum pressure, see
§ 7.2.5-4

Receiver calibration

The receiver should be calibrated in the maser and
at the operating temperature of the maser head
electronics compartment. Proceed as follows

install the receiver, § 7.3.5.3-2, Fig. 7.4

disconnect the maser output coax ()
Fig. 7.4, at the maser

L

connect a 10 dB attenuator on the ccax C),
going to the circulator and an external coax
going to the signal generator, Fig. 6.2.1-1.
This coax should be lend through the demagne-
tizing access holes on the electronic com-
partment and cover of the maser head . .
Fig., 7.2. Place the insulation also in order
to keep the thermal environment the same. It
will not be necessary to close the upper
cover and magnetic shield panel , Fig, 7.1
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-4. wait for the compartment temperature +o
stabilize (1 hour). Connect an oscilloscope
to the 5.7 kHz coax output, Fig. 7.4, and a
digital wvecltmeter (10 V F.S.) to the control
panel @D , Fig, 1.3, 5.7 kHz output

-5. set the signal generator to the maser fre-
quency and level, Fig. 6.2.1-1, and record
5.7 kHz ocutputs for signal generator power
levels from -80 &Bm to 110 dBm

NOTE

The attenuation of the cable and
attenuator should be calibrated by
making a separate measurement using
a power meter.

Maser ocutput vs C-field, threshold

Connect a_gdigital voltmeter to "C-field" current
measure r Fig. 1.3, and to "aMP 5.751"
Fig. 1.3. Use voltmeter full-scale at least 5 V.

r

Vary C-field from zero to max (250 MA} and measure
measer signal, record, and make a plot.

Near a C-field current of 0, oscillations will
cease. Determine this threshold as fcllows

- reduce C-field current slowly or 1in small
steps {e.g. 5  A) until maser cutput signal
rapidly drops to zerco. Note C-field current.

- increase the C-field in small increments, and
wait several minutes at each step. Note
C-field current when oscillations are re-
established.

The threshold of oscillations is between these two
C~field current values, and should be less than
20 v A, If the threshold i1s greater than 50 y A,
the demagnetization cycle should be repeated.
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Temperature setting

Replacement of the heater preamplifier circuit
card will necessitate setting the operating point
temperatures according to the values already
established.

-1.

Outer heaters operating point setting

—————— ——————— = Ty e b o e e e ik il A A S ———

L0, UO, LI, UI and DALLE temperature proceed
as follows

a) energize circuit card with input power
control switch on position "HEATERS" .
Fig. 1.3

b) measure;, with a high impedance voltme-

ter, the voltage on preamp test points
(Dwg 8002-30-24-1152) and set values
noted in log book :

TPI - LO
TP2 - uo
TP3 - LI
TP4 - UI
TP5 - CAVITY

{NOTE : further adjust-
ments of cavity will be
needed, see -2. below)

TP6 - DALLE

c) check heater voltages on monitor to
assure that heating systems are working.
Wait wuntil all heating systems are
regulating before proceeding (this may
take from several hours to several days
depending on the initial temperature of
the cavity).

Cavity temperature / frequency setting

After heaters are turned on, monitor cavity
heater voltage "ADDRESS-15 CAV" on monitor
display

a) wait until heater regulates and 1is
stable

b) connect a digital voltmeter to the "TEMP
CavV" c¢oax on control panel @) '
Fig. 1.3. This peocint will be used in
subsequent  adjustments to determine
cavity temperature
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c) connect a voltmeter as indicated in
6.2.3-1 {(b) above to TP5-CAVITY on the
heater preamplifier c¢ircuit card C) '
Fig. 7.6, Dwg 8002-30-24-1152

d) voltage measured on "TEMP CAV" test
point should be 0 + 40 mV (voltage/
temperature coefficient = 4 V per °C) or
in other words, cavity temperature must
be within + 0.01° of set value

e) obtain temperature - voltage coefficient
from the logboock for setting voltage on
TP5, and correct this voltage 1in the
sense to cause the cavity temperature
voltage indication to approach zero.
Make small increments in pot setting f(a
few millivolts each time) and wait at
least one hour or until assured that the
set value 1s stabilized on cavity
temperature.

£) check the cavity temperature operating
point by making a spin exchange tuning,
§ 3.11.5. Cavity varactor voltage for
frequency set point should be 3 + 1 V.

gl if cavity varactor voltage for spin
exchange tuning is not within the range
(f), use voltage, frequeny and tempera-
ture cocefficients as a guide to changing
cavity temperature to obtain the regui-
red spin exchange tuning point.

h) record final values

TP5, cavity varactor voltage, tempera-
ture monitor readings in the lcg bock

Dissgciator RF cpscillator adjustment

This is a one-time adjustment and should be made
when the RF-oscillator module is replaced or when
the dissociator is changed and the RF oscillator
module 1is not changed. The procedure is slightly
different in the two cases; however, the maser
must be operating in either case.

-1l. Oscillator module replacement

a) set dissoclator pressure to normal value
specified in log-book
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b) disconnect the "RF" cable on the interconnecting
cable panel , Fig. 7.13, in the electronic /
control module (module must be slid out of maser
housing)

c) connect an adaptor (two wires}) from the cable
connector to a D.C. power supply 0 - 30 V adjust-
able, 1 A current limit in order to energize the
oscillator from this external supply

d) the front panel on the vacuum manifold compartment
will normally be removed for changing the RF
oscillator module thus giving access to the
oscillator tuning control (capacitor) on the
mounting plate ©f the oscillator. This capacitor
should be located by reference to the D.C. feed-
throughs so that its relative position is known
after installation and that it can be readily
engaged by the tuning screwdriver.

(Dwg 8002 - 40 - 22 - 1197)

e) set power supply DC to zero, turn on, then slowly
increase the D.C. applied to the dissociator RF
gscillator. Observe current and voltage.

f) at a supply voltage of about 10 V the current will
sharply increase indicating oscillation. Continue
increasing the voltage.

g) at a voltage between 12 and 20 volts the hydrogen
discharge should start

h} connect voltmeter to 5.7 kHz maser signal and wait
until maser oscillates

i) reduce maser C-field until 5.7 kHz starts to
decrease

j) tune oscillator for maximum signal

k) reduce D.C. to zero and repeat turn on cycle. IF

discharge does not start, turn oscillator tuning
in a clockwise direction (one turn) reduce supply
voltage to zero and repeat the process until the
discharge will start when the supply voltage 1is
brought up

Dissociator replacement

The process is essentially the same as -1 above, except
that the initial discharge obtained may not be satifac-
tory for full maser operation. In this case, after
discharge is initiated, wait until the rich pink glow
is obtained before proceeding as above. This may take
several days depending on the "burn in" time regquired
by the replacement dissociator.
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Cavity pulling factor, line Q (Qy)

Cavity pulling factor is defined

Maser freq. change =

pulling factor X cavity freq. change

For a known pulling factor, the maser line Q (Qg)
may be determined from the relation

Qc
pulling factor (k) = Qg where
Qc = cavity Q.
Qc
Thus Q3 = k .

Cavity Q {Qc} is recorded in the maser log-book
(as is Qg for the initial maser measurements).

To measure k or determine Qj, make frequency
pulling test as described for spin exchange
tuning, § 3.11.5 keeping dissociator pressure

constant.

Cavity frequency change is determined from cali-
bration curve in the log book, maser fregquency
change is measured; k and QQ may be calculated.
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Fig. 7.1 ¢+ EF O 8

HYDROGEN MASER




MASER PHYSICS COMPARTMENT

VACUUM MANIFCLD COMPARTMENT

UPPER COVER AND MAGNETIC SHIELD

UPPER FRAME PLL SECTION

ELECTRONICS / CONTROL UNIT

MASER HEAD

O ® © ® ©® 6 6

DISSOCIATOR LIGHT PIPE

Fig. 7.1 : E F O S HYDROGEN MASER

(CONTINUED)
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QUTER MAGNETIC SHIELD
MASER HEAD COVER
ELECTRONICS COMPARTMENT COVER

@
@
®

Fig. 7.2 : MASER HEAD :
ACCESS TO ELECTRONICS COMPARTMENT
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MASER HEAD GENERAL ASSEMBLY

7.3

Fig.




Fig.
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CENTER SECTION "DALLE" *
FREQUENCY MULTIPLIER
5 MHz OUTPUT BUFFER AMPLIFIERS

DIVIDE FROM 20 MHz, 10 MHz,
TTL BUFFERED OUTPUT

MULTIPLIER 5 MEz BUFFER AMPLIFIER
HEATER PREAMPLIFIERS

INPUT CONNECTING BOARD

RF PREAMPLIFIER SECTION

RECEIVER SECTIOCN

lst MIXER / PREAMP SECTION

"DALLE" is a french word which
could be literally translated
in this case as "throat" or
"mouth"

MASER HEAD GENERAIL ASSEMBLY

(CONTINUED)
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CIRCULATOR

CIRCULATOR 500 TERMINATION
MASER OUTPUT COAX

PC CONNECTIONS

RF PREAMPLIFIER

RF FILTER

FILTER TUNING ADJUSTMENT

RF COAX TO FIRST MIXER PREAMPLIFIER
MODULE

RF PREAMPLIFIER SECTION MOUNTING PLATE
AND ATTACHMENT SCREWS

RECEIVER MODULE ATTACHMENT SCREWS
RECEIVER MODULE
RF PREAMPLIFIER, FILTER MOUNTING PLATE

MASER HEAD
RF PREAMPLIFIER / RECEIVER INSTALLATION
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Fig. 7.5 : MASER HEAD : 1lst MIXER
PREAMPLIFIER + FREQUENCY MULTIPLIER INSTALLATION
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MASER HEAD
PREAMPLIFIER + FREQUENCY MULTIPLIER INSTALLATION
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lst MIXER / PREAMP MODULE

MIXER / PREAMP MODULE MOUNTING PLATE
MOUNTING PLATE ATTACHMENT SCREWS

DC CONNECTING WIRES

FREQUENCY MULTIPLIER MCDULE

MULTIPLIER / ISOLATION AMPLIFIER‘
MODULE ATTACHMENT

DC CONNECTICONS TC FREQUENCY MUiTIPLIER
STEP RECGOVERY DIQDE BIASING RESISTCR
MASER SIGNAL COAX FROM RF PREAMP

RECEIVER MCODULE

lst MIXER /

{CONTINUED)
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Fig. 7.6 : MASER HEAD :
HEATER PREAMPLIFIER,
BUFFER AMPLIFIER INSTALLATION
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HEATER PREAMPLIFIER BOARD

5 MHz FREQUENCY MULTIPLIER BUFFER AMPLIFIER
20 MHz TO 5 MHz + 10 MHz DIVIDER BOARD

5 MHz OQUTPUT BUFFER AMPLIFIER BOARD
FREQUENCY MULTIPLIER

5 MHz FROM VCXO

20 MHz FROM RECEIVER SECTION

HEATER PREAMPLIFIER BCARD CONNECTORS
MOUNTING PLATE ATTACHMENT SCREWS

CIRCUIT BOARD MOUNTING STANDOFF

CIRCUIT BOARD MOUNTING PLATE

7.6 ¢ MASER HEAD
HEATER PREAMPLIFIER,
BUFFER AMPLIFIER INSTALLATIOCN

(CONTINUED)
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MASER OQUTPUT COAX (SMA MALE)

90° SMA ADAPTOR

COAXTAL OUTPUT CABLE TO CIRCULATOR
DEMAGNETIZING ELECTRODE

"DALLE" HEATER CONNECTIONS

@
®
©)
®
®

Fig. 7.7 : CENTER "DALLE" SECTION
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PULLS FOR CIRCUIT CARD REMOVAL

OSCILLATOR MOUNTING SCREWS
DEMAGNETIZING ELECTRODE PASSAGE
PLL FRAME HOLD-DOWN SCREWS
HINGE

SUPPORT BAR LUG

UPPER FRAME PLL SECTICN, CUTSIDE VIEW
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QUARTZ OSCILLATOR VCXC (B-5400)
MASER OUTPUT COAXIAL CONNECTORS
PHASE LOCK COMMAND

SYNTHESIZER DIGITAL SYSTEM

CONNECTOR CABLE TO SYNTHESIZER DIGITAL SWITCH

UPFPER FRAME PLL SECTION, INSIDE VIEW
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INDPUT POWER CONNECTORS
(see Fig. 1.6 for connections)

POWER ON SIGNAL LIGHTS

AMBIENT TEMPERATURE PROBE CONNECTCR
(see Fig. 1.6 for connections)

MONITORING CONNECTOR
(see Fig 1.6 for connections)

FRONT PANEL RETAINING THUMB SCREWS

MONITOR TRANSMITTER MODULE

24 V DISSOCIATOR POWER SUPPLY

24 V REGULATED POWER SUPPLY

5 V, +15 VOLT POWER SUPPLY

+15 VOLT POWER SUPPLY

PUMP HIGH-VOLTAGE POWER SUPPLY COMPARTMENT
MODULE RETAINING SCREWS '

PEOBOEOO® ®& OO ©

7.10 :+ FRONT VIEW ELECTRONICS AND CONTROL UNIT

i
'_I.
&1
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XMP‘TI?RIN‘ 3
e

e

c-FBD ZREMAN NECH-COIL

MODULE PULL HANDLES

MONITOR MODULE RETAINING SCREWS
INPUT POWER CONTROL MODULE
SYNTHESIZER DIGITAL SWITCH MODULE
CONTROL MODULE

MONITORING TRANSMITTER MODULE

®
©)
®
®
®
®

Fig. 7.11 : CONTROL PANEL, MONITORING UNIT
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Fig.

7.12

.
-

ELECTRONICS AND CONTROL UNIT

COAXIAL CONNECTOR TO INTERNAL
VACUUM SYSTEM PUMP

COAXIAL CONNECTOR TO EXTERNAL
VACUUM SYSTEM PUMP '

ION PUMP H.V. POWER SUPPLY MODULE

POWER SUPPLY MCDULE RETAINING SCREWS

ELECTRONICS / CONTROL UNIT, REAR VIEW
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INPUT POWER MONITORING / CONTROL BOARD
POWER CONTROL SWITCH

SYNTHESIZER DIGITAL SWITCH

MASER CONTROL

PRESSURE CONTROL

MONITORING TRANSMITTER FILTERS
MONITORING MULTIPLEXER / TRANSMITTER
INTERCONNECTING CABLE PANEL

Fig. 7.13 : ELECTRONICS / CONTROL UNIT, TOP VIEW
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VACUUM MANIFOLD COMPARTMENT,
RIGHT SIDE,

DISSOCIATOR AND
HEATER POWER AMPLIFIER INSTALLATION
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DISSOCIATOR OSCILLATOR MODULE
RETAINING SCREW {x3)

DISSO0CIATOR OSCILLATOR MODULE
HEATER POWER AMPLIFIER MODULE

DISSCCIATCR OSCILLATOR POWER
SUPPLY CABLE

PIRANI PRESSURE GAUGE ASSEMBLY
DISSOCIATOR HOUSING
DISSOCIATOR ORIENTATING FLANGE

PALLADIUM VALVE

©® 6000 66060 O

DISSOCIATOR ORIENTING SCREW (x3)

Fig. 7.14 : VACUUM MANIFOLD COMPARTMENT,
RIGHT SIDE,
DISSOCIATOR AND
HEATER POWER AMPLIFIER INSTALLATICN

(CONTINUED)
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® ® O,

INTERNAL VACUUM SYSTEM, INTERNAL VALVE (V1]
INTERNAL VACUUM SYSTEM T-COUPLING

INTERNAL VACUUM SYSTEM, EXTERNAL VALVE [V2]
EXTERNAL PUMP ATTACHMENT, PINCH-QOFF
EXTERNAL VACUUM SYSTEM, EXTERNAL VALVE {V3]
EXTERNAL VACUUM SYSTEM T-COUPLING

EXTERNAL VACUUM SYSTEM, INTERNAL VALVE [V4]
HYDROGEN DISSOCIATOR

BELLOWS, INTERNAL VACUUM SYSTEM

BELLOWS, EXTERNAL VACUUM SYSTEM

EXTERNAL T-COUPLING

!
00PN g

Fig. 7.15 : VACUUM MANIFOLD COMPARTMENT, FRONT SIDE

L e memesn Cubiidh R
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Fig. 7.16 : ION PUMP INSTALLATION




Fig.

®O MO0 06 06

7.

7/22

EXTERNAL VACUUM S5YSTEM ION PUMP

INTERNAL VACUUM SYSTEM ION PUMP

ION PUMP MOUNTING RAIL RETAINING
SCREWS (x4Y

ICN PUMP MOUNTING SPACERS (x4)

ION PUMP MOUNTING RAIL

BEXTERNAL VACUUM PUMP H.V. CONNECTOR

INTERNAL VACUUM PUMP H.V. CONNECTOR

VACUUM FLANGE CONNECTIONS

PUMP ELEMENT MCUNTING SCREWS (x4)

BELLOWS

16 : ICN PUMP INSTALLATICN

{CONTINUED)
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HYDROGEN BOTTLE

HYDROGEN BOTTLE SHUT-CFF VALVE
BOTTLE OUTPUT CONNECTOR

HIGH PRESSURE QUTPUT TUBE
PRESSURE REDUCING SYSTEM
HYDROGEN BOTTLE PRESSURE GAUGE

HYDROGEN OUTPUT PRESSURE GAUGE
(MASER DISSOCIATOR)

HYDROGEN SYSTEM PRESSURE ADJUSTMENT
MOUNTING STRAP

STRAP RETAINING SCREW

BOTTLE MOUNTING CRADLE

HYDROGEN SUPPLY TUBE PURGE PINCH-OFF

VACUUM MANIFOLD CCMPARTMENT, BACK SIDE




Fig.

/a

Q)
O
©
O
@
&)
©

18

7/24

PRESSURE GAGE

HYDROGEN SYSTEM PRESSURE ADJUSTMENT

MCUNTING STRAP
STRAP RETAINING SCREW (see Fig.
BOTTLE MOUNTING CRADLE (see Fig.

HYDROGEN SUPPLY TUBE COUPLING

7.17)

7.17}

HYDRCGEN SUPPLY TUBE TO DISSCCIATOR

HYDROGEN SUPPLY TUBE PURGE PINCH-OFF

PRESSURE REDUCER CUTPUT FITTING

HYDROGEN BOTTLE INSTALLATION,

END VIEW
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H- PRESSURE CONTROL
H-PRESSURE MEASURE

-

»
NOABRWNSONORMBUNSONRARLGRN DN RN

DA >HEATER VOLTAGE

CAV

T-CAV
T-AMB
CAV-YAR
XTAL-VAR
AMPL 57KHz

C-FIELD

“YLvac 10N INT ADORESS

-"1‘}-'1.!0 ION EXT

1]
I}wawam (/
+ 24y

+ 15V
- 15V
+5y (~SUPPLIES
+ 15V
- 15V

POWER INPUT CONTROL MODULE

MONITOR RECEIVER MCODULE

CHANNEL SELECT DIGITAL SWITCH "ADDRESS"
PARAMETER VALUE READOUT

MASER PHASE LOCK INDICATOR LIGHTS

POWER SUPPLY MODULE

OEOOEOO

MODULE RETAINING SCREWS

Fig. 7.19 : MONITOR DISPLAY RECEIVER FRONT PANEL
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MONITOR RECEIVER LOGIC

MONITOR RECEIVER READ-QUT

MONITOR RECEIVER MCDULE, TOP VIEW
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Copper disc

Varian part 953-5018

Pinch-off about
S5cm from disc

PINCH - OFF TUBE

Conflat flange Flexible hose

- . . . —— ——

‘ —_— - —*———_‘T' TO TURBO PUMP
-

Hose clamps

Pinch-off tube
TO MASER

Fig., 7.21 : PINCH - OFF ASSEMBLY
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7. MAINTENANCE PROCEDURE

The basic troubleshooting Procedure uses the maser
monitoring System to trace the ‘difficulty to a
particular subsystem ang module in the haser,
Operation ig restored by replacing the defective
module, Any analysis of abnormal Oberation of the
maser nmust therefore start with the monitoring

Monitor readings should be recordea at regular
intervals which shoulg be more frequent when the
instrument is installed in order to check any
change in pPerformance due to moving ang transport,

Table 7.1 Summarizes the general effects of
deviation from normal functioning of the maser
element inp question. The indications are not
exhaustive, and do not Cover all] PoOssible effects
from simultaneoys malfunctioning Of more than one
element,

7.1.1 Preventive maintenance

Preventive Maintenance basically con-
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MASER
"ADDRESS™ MEASURED PARAMETERS ELEMENT AFFECTIED PARAMEIERS AFFECTED
G 1)
01 I Battery A Indicates power supply
available
02 U and power consumption
03 I Battery B
04
05
06 H-pressure control PIRANI/Palladium Maser signal level
07 H-pressure measure system
10 L O Lower - outer Thermal isolation
heater
11 uvo Upper - outer Thermal isolation of
heater maser and maser head
12 "DALLE" heater electronics
13 LI Lower - inner Frequency /
heater
14 Uz Upper - inner Frequency stability
heater
15 CAV Cavity heater Cavity tuning
Maser frequency
16 T - CAV Cavity temp. Maser frequeny
17 T - AMB Maser frequency
20 CAV - VAR Cavity varactor Cavity tuning
Maser frequency
21 XTAL - VAR Quartz oscillator | oscillator aging
frequency
TABLE 7.1 : MONITOR READING ANALYSIS, TROUBELSHOQTIING
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MASER
“ADDRESS" MEASURED PARAMETERS ELEMENT AFFECTED PARAMETERS AFFECTED
22 AMPL 5.7 kHz Indicates state of operation
of the maser
23 C-Field Magnetic field Frequency maser signal
amplitude
maser oscillation
2 4 -U Ion pump voltage Vacuum
{internal system
25 1 Ion pump current pressure}
26 -u Ion pump voltage Vacuum
(external system
27 1 Ion pump current pressure)
30 u Dissociator Maser signal
oscillator
31 I Dissociator Maser signal
oscillator
32 +24V PIRANT/Palladium Maser operation
system
Cavity - vacuum
Heat - oscillation
33 15V Pump H.V. Maser operation
Heater P.A.
34 Control
35 Monitoring trans- | Output of maser
15V mitter
36 Receiver
5V
37 Synthesizer Monitoring
TABLE 7.1 : MONITOR READING ANALYSIS, TRQUBELSHOOTING

(CONTINUED)
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TROUBLESHOOTING

Three +troubleshooting charts are included which
are based on the maser output signal indications.
The actual maser output lewvel is about -105 dBm.
This signal is amplified and, by hetercdyning, is
translated to a base band frequency of about
5.7 kHz. It is the 5.7 kHz signal level available
in the monitor which indicates maser output. The
troubleshooting charts are

CHART 1 : No 5.7 kHz output signal
no lock
CHART 2 : 5.7 kHz signal

level decreases

CHART 3 : 5.7 kHz signal
but no phase lock

The following paragraphes cover specific tests or
measurements designed to aid in localizing troub-
les in the maser. Consult § 7.3 for precautions to
be taken during opening of the maser compartments
and manipulation controls and modules. Paragraphe
7.3 also covers replacement of mcdules access,
etc.

7.2.1 C-field

The C-field is an integral and necessary
part of maser operation. The effect of
the C~field in the operation of the
maser has two general aspects

-1, Determinant

A weak field must exist for the
necessary orientation of atoms to
produce the ccherent radiation
which constitutes maser output.
Thus, if there is no maser output
the C-field may be zero, see figure
7.2.1~1 for troubleshooting guide.
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No maser 5.7 kHz output, no lock

v

monitor readings, Table 7,] ———wam—fp ANALYSE

v

dissociator light

no

|

H-pressure control,
menitor "ADDRESS -~ &"

{ i

no yes
control H-pressure measure,
module R control module
Fig. 7.11 8 , Fig. 1.3
i i
no ves
dissoeiator
RF 08C,
see § 7.2.3
v
PIRANI/Palladium

control system

replace control
module

replace disscciator
module

TROUBLESHOOTING :

|

yes

|

cavity temperature

, Fig. 1.3
i | |

no yes
thermal H pressure mesure
controls, control module
see § 7.2.4 8 },Fig, 1.3
L |
no yes
vacuum system

pressure monitor

"ADDRESS 25'
1 ;
no yes
vacuum C-field
system, see troubleshooting
| § 7.2.5 Fig. 7.2.1-1
{
flo ybs
electronics masar
see § 7,2.6 oscillaticn

CHART 1
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Maser 5,7 kHz output decreases - locked

monitor readings
Table 7.1

maser cutput

Vs
C~-field
see § 7.2,1
[ }
variation no variation
!
demagnetize physics electronics
see § 3,10
v ¥ v v
dissociator vacuum system line Q RF system receiver
see § 7.2.3 see § 7.2.5 see § 6.2.5 see § 7,2,7 see § 7.2.8

TROUBLESHOOTING : CHART

[2%)
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Maser 5,7 kHz signal - no lock

monitor readings
Table 7.1

electronics
see § 7,2.6

TROUBLESHOOTING : CHART
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No maser output

C-field monitor
"ADDRESS 23

no

check voltage
on SMA on control

panel (&), Fig. 1.3

voltage present

no yes
no C-field C-field
reference or connecting
voltage. wiring open.
Replace control Check
module, § 7,3.5.5-4 wiring
con~
tinuity

Fig. 7.2.1-1 :

yes

increase C-field
to maximum value,
, Fig. 1.3

maser oscillates
5.7 kHz out

use external
C-field,
§ 7.2.1.4

yes

magnetic inho-
mogeneity may
be present.
Mesure maser
output vs C-field,
§ 7.2.1
Demagnetize, see
§ 3.10. Check thres-
shold, see § 3.9

trouble not
in the C-field

C-FIELD TROUBLESHOQTING

ves

maser

cscillaticn
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105- NORMAL OPERATION
110 dbm

C-HELD

I
|
|
=) | INHOMOGENEOUS
(s
= |
o | | POSSIBLE LOW
4 ATOMIC FLUX
> |
‘ |
| |
| |
| || [
|
R
| ' ! |
| : ' |
- (- FIELD

J A l
THRESHOLD

OF QSCILLATION
<< 803Ge

NORMAL MASER E—
SIGNAL <2 150p0e

NOMINAL OPERATING FIELD nv 400p0e —_—

Fig. 7.2.1-2 : MASER QUTPUT VS C-FIELD CURRENT
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Qualitative

Maser operation requires the magnetic field in the
atom interaction volume to be parallel to the axis
of the cavity. Perturbations to this co-linearity
may be resolved 1into magnetic fields having
compeonents in the radial direction of the cavity,
and these components produce atomic trnasitions
other than that used in the maser oscillations.
Thus atoms are lost to contributing to the maser
output, and in fact if the perturbations are large
enough the maser may not oscillate at all even
though all other conditions are fulfilled. The
general idea is illustrated in figure 7.2.1-2.

Low signal output

As illustrated, maser output will generally be
less than the normal value when magnetic field 1is
perturbed. However, a low flux of atoms also
results in low output. The two conditions may
usually be distinguished by the difference in
response to the C-field, Fig. 7.2.1-2.

External C-field

This paragraph describes the use of an external
C-field current generator which is required when
Maser oscillation does not start in the C-field

current range (0 - 250 udA) provided by the inter-
nal generator,

A variable DC power supply (0 to 30 Volt) with
limiting serie resistor of few kQ can be used,
The maximum C-field current should be limited to
5 mA max.

In order to use the external C-field power supply,
the following steps are required :

a) reduce the internal C-field current to =zero
("ADDRESS 23") by turning the C-field current
adjust potenticmeter Q% , Fig. 1.3, fully
counter—-clockwise

b} connect the external enerator to C-field
winding SMA connector , Fig. 1.3, monito-
ring the current through a milliamperometer

c) adjust the wvoltage in order to obtain the
desired current increasing gradually the
voltage from zero
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d) the maximum current to be used is approxima-
tely 5 mA (corresponding to 0.04 Qersted} =

If the maser oscillation does not start in the
range 0.2 to 5 mA, the trouble i1s not the magnetic
inhomogeneity.

Hydrogen gquartz bulb

The quartz bulb retains the hydrogen atoms within
the desired interaction region of the cavity.
Should the bulb be broken, the maser will stop

oscillating. To test for brcken bulk proceed as
follows

~1. set monitor address to "25 VAC ION INT" pump
current

-2, set H-pressure control C) , Fig. 1.3, to 0
(full conter clockwise)

-3. monitor internal vacuum system pump current;
should descend to the minimum value attai-
nable ingthe internal system of about 10uA
{4 x 10 TORR). This value is noted in the
EF0OS maser logbook.

-4, 1if internal vacuum system pump current dces
not descend, as above, and the two pump
currents, internal and external remain equal,
there 1s a connection between the two vacuum
systems, possibly caused by a rupture of the
quartz bulb.

Dissociator

Troubleshooting the disscciator 1is comprised of
determining the correct operation of three essen-
tial elements necessary, Fig. 7.2.3-1

1) hydrogen atoms in the discharge volume
2) correct pressure, vacuum
3) sufficient RF power to initiate and maintain

the atomic plasma of the dissociation
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The fourth element for which there is no direct
way ©f determining the function is the state
selecting magnet system.

NOTE

Assure that the maser vacuum system is
operating correctly before troubleshoco-
ting the dissociator.

RF power oscillator

The particular monitor readings of RF oscil-
lator VvV, I under normal operating conditions
are noted in the maser log books. These
values should be used as guide in trouble-
shooting the oscillator.

Two ranges of wvalues of V, 1 are normal,
depending upon whether there is a discharge
or not.,

a) 0.6 to 0.8 amp with limit of 15 Watts
input when no discharge is taking place



7/40

No dissociator light

Vacuum system
monitor "ADDRESS 25

no ye
troubleshoot hydrogen
vacuum system @ sy F

Fig. 7.2.5-1

s

pressure

ig. 1.3

| |
no yes
troubleshoot RF power
PIRANI/Palladium oscillator

control system

no yes
replace hydrogen
dissociator system supply

Vv , 1 normal
(ADDRESS 30, 31)

ne

replace RF
oscillator
module
§ 7.2.3.-1
and § 7.3.5.9

Fig. 7.2,3.-1 : DISSOCIATOR TROUBLESHQOTING

§ 7.2.3-1
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b) 0.3 to 0.5 amp with 8 - 10 Watts input when
discharge is on

Lo

If the power transistor is short-circuited, the
oscillator system will consume the maximum permit-
ted in a) above, so it is not possible to dtermine
(on the basis of V, I) whether there is no dis-
charge because of transistor failure by short
circuit, on lack of H atoms.

Two methods are available to check the transistor,
or oscillator power in the discharge.

a) measure D.C. response of the transistor

b) detect presence of RF in the dissociator

DC response

Slide the electronics / control unit out,
§ 7.3.5.5.-6. From the top deconnect the "RE"
connector on the interconnecting cable panel ’
Fig. 7.13 which an adaptor connect a variable
power supply DC 0 - 24 V, 1A to the interconnec-
ting cable by means of wires connected to pins 1
(+24 V) and 2 (GND). Set the supply to 0 volts,
then increase the voltage manually, and measure
current at the same time. This current will
normally remain small until voltage on the tran-
sistor is about 10 V, at which time it will jump
to a higher value (0.1 - 0.2 Aa). This is the point
at which the transistor oscillates.

If the transistor current rises immediately and
follows supply voltage, the transistor is defec-
tive and should be replaced ~- or the RF module
replaced.

RF response

Connect a D.C. (0 - 500) microammeter to the
detector diode output on the oscillator plate C),
Fig. 7.14, (DWG 8002 - 1197). With normal power
applied to the transistor check for detector
current. No current indicates that RF oscillator
15 not oscillating.

If results above are negative, replace the RF
oscillator module, § 7.3.5.9.
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Thermal controls

All thermal control circuits are designed to
operate within their control range for an ambient
temperature 20° - 30°C. Therefore, full heater
voltage or no heater voltage indicate the possibi-
lity of

a) the maser ambient temperature 1is at the
extreme of range

b) the particular heating element has cooled and
is demanding full heating power (this might
occur if power to the maser is interrupted)

c) some defect in the heating system turns the
system full-on or full-off

For the first condition, a) can be checked by
observing the ambient temperature on monitor
ADDRESS "17 : T-aAMB".

Conditions b) and ¢) can be evaluated only with a
sufficiently long observation time. The criteria
of proper thermal system functioning is the cavity
temperature.

The inner, outer and "DALLE" heating systems will
respond to large transients (such as turn-off and
turn-on o0f the maser) within about 4 hours.
Therefore, if within four hours, the particular
heating system is not regulating, troubleshooting
should be pursued as indiacted in § -1. below.

The cavity heating system has a much longer time
constant, and after the outer heating systems are
ragulating may take up to 12 hours or more before
any significant temperature change is observed on
cavity temperature monitor.

For troubleshooting the cavity heating system
refer to § -2. and -3. below.

Quter heaters troubleshooting

Open right hand side of vacuum manifold compart-
ment, § 7.3.5.6 ( (3 , Fig. 7.14). The heater
systems may be checked from this module. Connec-
tions between the power amplifier module and the
maser heaters are via J3 and J4. Connections to
the heater preamplifier in the maser head are via
Jl. Power supply connections and monitoring
connections are via J2 to the electronics control
module.
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-2. Cavity heating system analysis
Connect a + 15 V D.C. vgltmeter to the cavity
temperature monitor r Fig. 1.3. Full
scale voltage corresponds (linearly) to + 3°
of cavity temperature. Set monitor tc "ADD-
RESS - 15 CAV HEATER VOLTAGE". Observe heater
voltage and temperature as follows (allow
sufficient time for the temperature to
change}.
IF
CAVITY CAVITY TEMP.
HEAT TEMP. CHANGE INTERPRETATION / ACTION
FULL ON + + Troubleshoot system
- + Heating, wait until
cavity temp. — 0
OFF - - Troubleshoot system
+ - Heat off, wait until
cavity temp. — O
-3. Cavity heating system troubleshooting
The maser head must be opened to troubleshoot
the cavity heater system, § 7.3.5.1, .2, .5.
2.5 Vaccum system

There are three things which can result in degra-
dation or loss of the vacuum in the maser.

al PUMP POWER SUPPLY FAILURE
b) PUMP FAILURE / AGING
c) VACUUM SYSTEM LEAK

The state of maser vacuum is usually indiacted by
the ion pump current, higher pump current being
associated with higher pressures. However, this
simple observation should be regarded cautiously
because the aging characteristics of ion pumps
pumping hydrogen have not been systematically
observed, and therefore pump current cannot be
taken as the absolute measure of vacuum system
pressure.
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Pump power supply failure

Power supply failure 1is more or 1less readily
observed by monitoring power supply voltage and
current

Pump failure

Pump failure, also, 1is most generally charac-
terized by a low resistance or near short-circuit
on the high voltage terminal

Vaccum system leak
Unless very large, vacuum system leak 1is more
difficult to detect

The leaks most likely to occur in the maser vacuum
systems would result in a pump current slightly
higher than "normal" pump current obtained without
leak.

In the external vacuum system this is tolerable,
to a certain extent, because the importance of the
external wvacuum system rests 1in the thermal
isolation it provides for the inner physics of the
maser., Thus the most important factor is that the
pressure is within the 1limits of the maser ion
pump power supply. Leak rate is not expected to
change with time, so that aging characteristics of
the pump - whatever they are - would also be
independent of the "leak".

The internal wvacuum system is not the same. In
this system, a leak however small will allow
molecules from the atmosphere to enter the active
part of the maser itself.

Presence of these molecules will result in colli-
sions and interactions with hydrogen atoms, and
may ultimately reduce the maser oscillating power,
or extinguish oscillations altogether. The pump
current in the inner wvacuum system 1is largely
determined by the flux of hydrogen atoms leaving
the dissociator. Turning off the hydrocgen supply
makes 1t possible to determine the basic system
pressure - hence by comparison with the system

known H-off pressure - determine 1if there is a
leak.
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Internal vacuum system leak test

o ———

Consult the maser log-book for the internal vacuum
system empty pressure (pump current), then :

a)

b)

turn-cff the hydroge source pressure with
the pressure control E:), Fig. 1.3

menitor internal pump current (ADDRESS 15
I-VAC ION INT) until it descends no further.
This may take several hours. Compare this
value of current with the value recorded in
the log-book.

This wvalue should not be more than three
times the log-book wvalue.

Consult figure 7.2.5.-1 for a troubleshooting
guide to the vacuum system.
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Ien pump monitor
Voltage V
Current I

Inner system
+

Outer system

noc pump
action

|

change
power supply
§ 7.3.5.5-6.

= normal

- o<
[
[=]

no pump action

check H.V,
cable from

supply to pump

change pump
§ 7.3.5.7-4

v =l low
I 2 2 mA (limit)

|

power supply
capacity limit

connect external
pump power supply
§ 3.5

measure I

same decrease
reconnect
internal external int.
vacuum vacuum supply
pump
replace
§ 7.3.5.7-4
check for
leak
|
no yes
replace pump repair
§ 7.3.5.7-4. vacuum
system

Fig. 7.2.5.-1 :

VACUUM SYSTEM TROUBLESHOOTING
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Low frequency electronic

1.

The electronics covered in this section of
the troubleshooting guide c¢onsists of

a) SYNTHESIZER
b) PLL ELECTRONICS

c) 20 MHz DIVIDER TO 10 MHz + 5 MHz TTL
QuUTPUT

d} 5 MHz OUTPUT BUFFER AMPLIFIERS

All these elements are in the upper part (),
Fig. 7.1, or in the head , Fig. 7.1 of the
maser. § 7.3.4 and 7.3.5 give certain infor-
mations for access to the modules for the
tests described,

Refer to figures 7.2.6-1, -2, -3 and -4 for
the general guide to troubleshooting. As a
general rule, check D.C. power supply inputs
to the module prior to troubleshooting and
signal tracing.

Guide to troubleshooting the RF system is in
§ 7.2.7, to the receiver is in § 7.2.8, to
the frequency multiplier is in § 7.2.9

PLL circuit card
Troubleshooting the phase~lock-loop circuit
consists of the following checks

a) the two 5.7 kHz signals are present at
the phase detector input

b} state of logic indicating lock corres-
ponds to the VCXO control voltage (see d
below)

c) the same 5.7 kHz signal to the two phase

detector inputs results in the nominal
equilibrium VCX0 control voltage (see e
below)

For the troubleshooting analysis it will
be helpful if a PC + 15 V voltmeter is
connected to the VCX0 control voltage
terminal on the 5 MHz oscillator 1 ,
Fig. 7.9. The VCX0O voltage is derived
from an integrator, sufficient time must
be allowed for integrator to respcond to
any change in signal inputs to the phase
detector. This may be several minutes.
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d) the following chart is useful for trouble-
shooting the alarm system as indicated in b}
above

e) the check cof c¢) above 1is accomplished as
follows :

-1. disconnect 5.7 kHz maser output on
receiver module

-2. connect a Jjumper wire between the two
cocaxial connections "5.7 kHz filtre" and
"5.7 kHz TTL" on the PPL circuit card,
see clrcuit drawing 8002-30-24-1159

-3. for normal operation  VCXO control
voltage stabilzes around the nominal 5 V
bias ‘

Figure 7.2.6-2. is a guide to troubleshooting
the phase detector.

RF system

The noise in the RF system is used as a check to
proper operation, and troubleshooting the RF
system 1is wusually under taken after correct
operation of receiver section 1s assured. To pin
point defects not detectable by the noise response
of the system, a signal generator and spectrum
analyser must be available, see 1list of test
equipment, Table 7.2.

Refer to figure 7.2.7.-1. for RF system trouble-
shooting guide.



7/49

VCXO "LOCK" STATE MONITOR PHASE

VOLTAGE (PIN 16) LOCK INDICATION ANALYSIS

5V + ACTIVE RED Normal

5V o+ 0 GREEN Normal

5 v o+ 0 GREEN Defective
alarm
logic

5V + ACTIVE RED Defective
alarm
logic

S5 v+ ACTIVE GREEN Monitoring
system
defective

5V + 0 RED Monitoring
system
defective
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Recelver system

As with the RF system, the RF noise at the input
to the receiver 1is used as a troubleshooting
guide. An oscilloscope with high impedance input
should be used for the 5.7 kHz output monitor
during the tests.,

The 180 MHz input toc the receiver may be measured
with high freguency scope 508 input, see list of
test equipment, Table 7.2.

Refer to figure 7.2.8.-1. for the receiver trouble
shooting guide.

Fregquency multiplier

The frequency multiplier furnishes 180 MHz to the
receiver and 1440 MHz L.O. signal to the lst
mixer.

Normal power levels of the frequency multiplier
are as follows.

aj input requirement 5 MHz : +7 dBm + 2 dB

b) 1440 MHz output : nominal 10 dBm

An attenuator is used between the multiplier
and lst mixer to set level on the mixer to
0 dBm. Level should also be checked at output
of this attenuator.

c) 180 MHz output : 0 dBm

Reguirement for the frequency divider in the
receiver 1is minimum 400 mV p-p. This wvalue
may be checked on a scope with 50 & input
impedance.

Refer to figure 7.2.9.-~1. for troubleshooting
guide.
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i0 MHz input
on synthesizer card

"IN 10 MHz"
Fig. 7.9
[ \
no yes
check
20 MHz - 10 MH=z 5.751 kHz TTL
divider s output on
Fig, 7.6 synthesizer card
"OUT 5.751 kHz TTL"
| 1
no yes
replace module check
§ 7.3.5.4-1. frequency count

(A) below

The frequency count of the synthesizer may be checked as follows :

-1. connect input A on the HP 53284 counter to "5.751 kHz QUI"
on the synthesizer card (:), Fig. 7.9

~2, connect input B on the HP 5328A to the "S5 MHz TTL" output on
the maser fromt panel (:), Fig. 1.1

-3. set counter to "RATIO B/A" and "N" to 105 or 106. The
counter will display the number set on the synthesizer
digital switch [ 3 WFig. 1.3. The last two digits displayed
may not correspond because of the coynter characteristics.
"HOLD" and "RESET" may be used if 10 or greacter N. is
chosen because of the counting time required

-4, the synthesizer digital switch may be checked by changing
setting and observe corresponding count

Fig. 7.2.6-1 : SYNTHESIZER TROUBLESHOOTING




Phase detector check

Voltage 5 y T4y

no

yes

both 5,7 kHz inpue alarm light greep
signals Present op

Circuit egrq
(8002.30.24.1159)

no yes
check alarm alarm logic
no yes System, moniter ok,
§ 7.2.6-2
check masey

check phage
receiver detector logic,

output § 7.2.6-2.(q)
*
check oo Yes
Synthesizer
5.7 kHz TLL
outpuyt replace @ defector

circuit carqg ok
§7.3.5,4-1,

Fig. 7.2.6-2, PLL ELECTRONICS TROUBLESHOOTING
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20 MHz input

- signal from receiver (:),
Fig. 7.6
[ ]
ne yes
— check coax. 5 MHz TTL output
and receiver output, front panel (f),
§ 7.2.8 Fig. 1.1
| 1
ne yes
check TTL 5 MHz 10 MHz output
at circuit to
card coax. N synthesizer (3}
Fig. 7.6 Fig. 7.6
repair coax [ =
_ no yes
*
replace circuit replace circuit check
- card, § 7.3.5.3-6. card, § 7.3.5.3-6. cabling
and
connectors

Fig. 7.2.6~3, : 20 MHz DIVIDER TROUBLESHOOTING
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Noise on 5.7 kHz
receiver output
, Fig. 7.4

v

check D.C.
to preamp, Fig. 7.5

v

disceonnect 1440 MHz input signal
from freq. mult., Fig. 7.5

noise decrease on 5.7 kHz
receiver output

check freq. mult.
§ 7.2.9 signal coax

ves

disconnect maser

, Fig. 7.5

noise decrease con 5.7 kHz
receiver putput

no

connect 1420,4057 MHz
-90 dBm signal generator

ves

connect 1420,4057 MHz
-100 dBm signal to

on RF filter input s maser output
Fig. 7.4 coax , Fig. 7.4
check ‘
5.7 kHz
receiver output
connect 1420.4057 MHz ‘
100 dBm signal generator l '
on RF preamp input no yes
, Fig. 7.4 ‘J'
check
trace signal in RF system
RF system a.k.
connect 1420 MHz with spectrum check maser
-~100 dBm to maser analyzer physics
coax (:), Fig. 7.4
check

replace defective component

Fig. 7.2.7-1 : RF SYSTEM TROUBLESHOOTING
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NCO 5.7 kHz OUIPUT SIGNAL

, Fig., 7.4

Check noise on receiver

"5,751 k OUT"
! l
no yes
check D.C. on check RF system
receiver Fig. 7.2.7-1.
I }
no yes
check D.C. measure input
power 180 MHz
distribution from freq. mult.
, Fig. 7.3
! i
no yes

check freq.
mult., § 7.2.9

connect 19,59 MHz
=90 dBm signal
to receiver IN

i!’, Fig. 7.5

no yes

replace receijver measure
module, § 7.3.5-2. 5.751 kHz
vs 19.59 MHz

Fig, 7.2.8-1,

input level

check
RF system,
Fig. 7.2.7.-1

:  RECEIVER TROUBLESHOOTING
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Check 5 MHz input 7 dBm
from 5 MHz buffer amplifier

no yes
check low frequency measure 180 MHz
electronies, § 7.2.6 output: O dBm
I |
no yes
replace measure level of
freq. mult. module 1440 MHz at
lst mixer O dBm
]
no yes
check 1440 MHz
attenuator o.k.
*
replace
freq. mult. module

Fig. 7.2.9-1. : FREQUENCY MULTIPLIER TROQUBLESHOOTING
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PARA. DESCRIPTION
7.3 GENERAL
- Open-end/box-end wrenches; metric series M4
(4 mm) to M15 (15 mm) in 1 mm steps
- Screw drivers; metric series M3 (3 mm) to M8
(8 mm) in 1 mm steps
- DC voltmeter, S0 k0 / volt (0 - 30 V)
- Digital multimeter - 4 digits
2.4 HYDROGEN BOTTLE INSTALLATION/REMOVAL
- Wrenches M7, M8 and M15, 9/16", 11/1l6"
open-end
- Screw drivers M3 and M6
- Pinch=off tool : ERMA LTD.
- ‘Wembley / ENGLAND
+ Cat. No 2803
or THE TEAM COMPANY
233 Harvard St.
Brooklin MA 02146
USA
- Leak detector liquid : "AIR-TEC"
AMERICAN GAS& CHEMICAL
511E 72nd St.
7.3.5.10 New York, 10021
3.5.1 CONNECTION OF PUMP EXTERNAL POWER SUPPLY

Pump H.V. adaptor cable ASULAB
Part No 8002 - 1150/1 (2 req'd)

Pump control unit (H.V. supply)
VARIAN medel 911-5030 (2 reg'Qd)

Auxiliary equipment and tools required for servicing

of EF0OS HYDROGEN MASER

TABLE 7.2
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PARA. DESCRIPTION

3.5.3 EXTERNAL PUMP CCNNECTION

7.3.5.7( -

Pinch-off tube VARIAN part 935-5018

5> cm length of flexible hose + 2 hose clamps

Turbo-molecular vacuum pump PFEIFFER
(Germany) type TSU 118, 40 litres/second

PIRANI~cold cathode gauge control, BALZERS
model PKG 020 with probe IKR 010

PIRANI vacuum gauge, BALZERS model TPG 060
with probe TPR 010

Flexible tube for maser-to-pump connection
(according to turbo), max length 1 meter

Pinch-off tool : see TABLE 7.2 above

3.10 DEMAGNETIZING PROCEDURE

Clip-on ammeter (AC) 0-30 A
VARIAC 250 VA

AC arc welder 100 A or current transformer
RHEOSTAT, 0 to L k¥, 1 A
Demagnetizer 30 A. 0SA Model 3098 A

Low current demagnetizer, OSA Model 3098

3.11.2 ZEEMAN FREQUENCY MEASUREMENT

Synthesizer 0 to 10 kHz / HP model 3325 A
DC voltmeter, high impedance 0 to 5 V

Auxiliary equipment and tools required for servicing

of EFOS HYDROGEN MASER

T A B L E 7.2

(CONTINUED)
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PARA. DESCRIPTION

3.11.5 CAVITY SPIN-EXCHANGE TUNING

- Reference oscillator _
hydrogen maser or oscillator 1 x 10
in 10 minutes interval

14

- Dual Mixer Time difference frequency
+ measurement system (NES)

- Digital voltmeter (4 digits) x 2
- Synthesizer HP model 3325 A

- Frequency counter HP model 5328 A
7.2.6 - SMA-to-voltmeter adapter cable

7.2.7 MULTIPLIER AND RF SYSTEM
Signal generator HP, Model 8663 A
- Spectrum analyser TEKTRONICS, Model T.L.12

- High frequency oscilloscope TEKTRONICS,
Model 7Al19 plug-in

- Power meter HP Model
- Torgque wrench SUHNER, Mcdel 742-0-0-21

Auxiliary eguipment and tools required for servicing
of EFOS HYDROGEN MASER

T A B L E 7.2

(CONTINUED)
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CORRECTIVE MAINTENANCE

7.3.1

Introduction

The corrective maintenance on the EF0OS maser
consists of module replacement. The trouble-
shooting guide 1is designed to localize
malfunctioning to a module, allowing the
defective module to be replaced immediately
and then repaired later. As a general rule,
the maser will take about 10 minutes to
stabilize per one minute shut-down. With full
heat applied to the maser, cavity temperature
will increase about 0.1° per hour. Thus from
a cold start, it may take 1 to 2 weeks for
the maser to achieve the specified stability.
Repairs requiring shut-down of the maser
heating system should be made as rapidly as
possible.

Similarly, the time that the ion pump are
shut down should be limited in order to avoid
exceeding the capacity of the pump power
supplies for start-up.

If suitable precautions are taken, certain
modules may be replaced without denergizing
the heating system or exceeding the pump
internal power supply capacity, see § 7.3.2
for precauticns, and table 7.3 for the maser
replaceable modules,

Precautions

The following precautions should be observed
when changing modules : when power is left on
the maser,

- for unsoldering a medule which 1is
energized use insulated tweezers and a
soldering iron which is not grounded

- have all necessary tools, instruments,
etc. available so that the time during
which the maser enclosure is open is a
minimum. This will minimize thermal
transients and gradients eventually
affecting the re-stabilizing time of the
maser
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all screws and fasteners in the maser are non-
magnetic stainless steel and should never be
replaced by iron or stell fasteners

avoid introducing magnetized materials or tools
into close proximity of the maser

avoid short-circuitry power supplies, pulses of
current can possibly affect magnetic homogeneity
of the magnetic structure. The most sensitive
elements to this effect are C-field and Zeeman
coils.

When power must be turned off to change a module, the

following precautions should be observed :

insofar possible, energize the heating circuits
intermittently to retain temperature as close to
operating values as possible

if ion pump power supplies are turned off, again
cycle the maser power on to the power supplies if
this is possible, at least every one hour. During
this time, the hydrogen pressure should be set to
zero in order to prevent pressure rise in the
internal vacuum system.

if the internal H.V. supplies to the ion pumps are
to be turned off for more than one hour, external
supplies should be connected, see § 7.3.5.7.

an oil diffusion vacuum pump is never to be used
for external vacuum system pump-down on the maser.
The wvacuum system pollution usually produced by
this sort of pump will make the maser inoperative.

if the maser vacuum system(s) must be let up to
air pressure (e.g. change of hydrogen dissociator)
this should be accomplished only with dry air (or
any dry inert gas}). This may be assured by using a
dessicator on the turbo molecular pump connected
to the external pumping system and proper manipu-
lation of vacuum system valves.

CAUTTZION

The pressure differential between inter-
nal wvacuum and external vacuum system
should be the smallest possible to avoid
possible breakage of the H quartz bottle.
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Tools and equipment necessary

All mechanical fasteners (except vacuum system
components fabricated in the USA) are in the
netric system of dimensions and threads. A set of
appropriate metric tools should be on hand when
effecting repairs and dismounting of elements and
modules, see table 7.2 for a guide to sizes.

Table 7.2 also contains a list of auxiliary

equipment necessary for repair and maintenance of
the maser.

General maser layout

The replaceable modules are accessible in four
compartments in the maser structure, Fig. 7.1
VACUUM MANIFOLD COMPARTMENT

UPPER FRAME PLL SECTION

ELECTRONICS / CONTROL UNIT

MASER HEAD

@OE®

Replacement procedure

The following descriptions are apprepriate for
removal of the particular module. The reverse

procedure should be followed to re-install the
module.

7.3.5.1 Maser head access
Access to the maser head electronics is
gained by removi the upper cover and
magnetic shield , Fig. 7.1, moving up
the upper frame PLL section ,
Fig. 7.1, and removing the three maser
head cover elements , Fig. 7.1,
proceed as follows

insulated plug , Fig. 3.5, and
note that the emagnetizer elec-
trode in the maser 1is slightly
off-center C) , Fig. 7.7. This
requires all access covers to be
correctly oriented in order to have
access to the demagnetizing elec-
trode.

a) remove the demagﬁetizer electrode



7.3.5.2

7.3.5.3

7/70

b) note the orientation as prescribed above and
remove the upper cover (4 corner screws) and
magnetic shield (28 screws) , Fig. 7.1.

c) remove the cuter shield by lifting around the
edges , Fig. 7.2. noting orientation as
before. The shield is retained by a sliding
fit.

d) remove the screws (8} on the periphery of the
maser head cover  Fig. 7.2 (note orienta-
tion, and remove the cover.

e) remove the screws (8) retaining the electro-
nics compartment cover , Pig. 7.2, and
remove cover. The maser head electronics 1is
now accessible, Fig. 7.3

Maser head general assembly

There are nine compartments in the maser head,
Fig, 7.3. The center compartement , Fig. 7.3,
call the "DALLE", Fig. 7.7, is temperature con-
trolled, and 1s an integral part of the maser
physics. It contains the maser output coax e) ,
Fig. 7.7, and the demagnetizing electrode (4) ,
Fig. 7.7. These two connecticons pass directly into
the external vacuum system of the maser, and are
sealed by fittings at the base of the element.
Extreme care must be excercised in manipulating
the c¢onnections to these elements so that the
seals are not damaged.

The other eight compartments contain the electro-
nic elements. The separating walls of the compart-
ments contain a series of tapped holes, and it is
by this means, and stand-offs, that the electronic
modules are mounted in the maser head.

Component removal

Before proceeding with component removal, check
the maser operating condition for that module. All
coaxial connectors should be tightened by the
proper torgue wrench, Table 7.2.
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RF section, Fig. 7.4

Comprising circulgtor @ y RF preamplifier @and
bandpass filter 63 This section may be removed
in its entirety by

a) disconnecting the coaxial cables to the maser
, to the 1lst mixer/preamp (8) and the
receiver module "20 M ocut", "5.751 K out"

b) unfastening the retaining screws C) holding
the module mounting plate to the compartment
wall

c) lifting the section up and insoldering the

D.C. connections to the RF preamp

Alternatively the individual modules may be
removed as follows :

d) Circulator @

Disconnect coax from maser QEB. Loosen coax

connector leading to preamp Rotablie the
circulator on its 1 - 2 port axis so that it
clears the positioning pins on the circulator
mounting plate, disconnect completely the
coax to the preamp.

e) RF pre amplifier C)

Remove circulator as in d) above, then the
circulator mounting plate by removing the
fasteners on the mounting plate stand-offs.
Disconnect the coax to the band pass filter

; then the two screws holding the amplifier
to the mounting plate (5 . Unsolder the D.C.
leads to the amplifier.

£) Bandpass filter ()

Disconnect coax from preamplifier and coax
to 1lst mixer. Remove retaining screws on
diagonal corners of the filter, and lift out.

Receiver module i} , Fig. 7.4

Screws retaining the receiver module alsc serve to
retain f{he RE section and lst mixer/preamplifier
module , @0 Fig. 7.4, () Fig. 7.5
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a) disconnect coaxial connectors to the receiver
module

" 5.751 K oUT"

" 20 M OUT"
" 1%9.59 M IN"
"180 M IN"
b) Unsolder D.C. connections
c) remove retaining and stand-off screws on RF
gection , Fig. 7.4 and retaining screws
, Fig. 7.4, (35, Fig. 7.5
d) slide the 1st mixer/preamp module aside to

free the mounting rail of the receiver module
, Fig. 7.5, and 1ift module out.

lst mixer/preamp meodule, Fig. 7.5

Disconnect to coax between the multiplier "1440 M
OUT" and "L.O. IN" on lst mixer/preamp module().

a) disconnect coax from "IF OQUT" to +19.59 M IN"
on receiver module

b) remove retaining screws (:) and unsolder D.C.
connections to preamp module. Detach D.C.
wiring harness retaining clip and remove
module (and its mounting plate).

The module is attached to the mounting base
plate from the under side.

Frequency multiplier module, Fig. 7.5

This module can be removed only after the 1st
mixer/preamp module is loosend and slide aside as
described in § 7.3.5.3.2.c), d) above, when this
is accomplished

a) disconnect coax cables from the multiplier

" 5 M IN"
“1440 M ouT"
" 180 M OUT"
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b) remove retaining screws (:) and the stand-off
attaching screws gof the 5 MHz output buffer
amplifier board, @ ., Fig. 7.6

c) unsolder_ D.C. connections and remove the

module C), Fig. 7.5

Heater preamp circuit card (), Fig. 7.6

a) disconnect D.C. connectors from the circuit
card
b) remove stand-off retaining screws @D on

circuit board mounting plate

c) remove the circuit board retaining screws
on mounting plate and the stand-off screws
on the same plate. The circuit board may
now be lifted up and removed.

20 MHz divider and TTL buffer () ,C) Fig.7.6

a) disconnect the 5 coaxlial connectors and
unsolder the D.C. connections

b) remove the stand-off screws Q) on circuit
board mounting plate

c) remove the stand-off screws @D on mounting
plate () which support the 5 MHz output
buffer amplifier

d) remove the 4 retaining screws (:) on mounting
plate
e) tilt the board up on the side (:) and remove

5 MHz ocutput buffer amplifier C), Fig. 7.6

e
a) disconnect the (:) coaxial calbes on the
circuit board (:). Unsolder D.C. connection.
b) remove stand-off restaining screws i) on
circuit mounting plate
c) remove _retaining screws () on mounting
plate

d) tilt the circuit beoard (:) and remove
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Upper frame PLL section, Fig. 7.8 and 7.9

and phase lock command circuit carad

The synthesizer digital circuit card , Fig. 7.9

(3}, Fig. 7.9

may be removed without raising the mounting frame.
It is necessary tg_raise the frame to remove the
quartz oscillator . Fig. 7.9

-1.

Synthesizer; phase lock command cards (),,C)
(Fig. 7.9)

Using the finger grips mounted on the outer
edge of the circuit card (:), Fig. 7.8, pull
the card out of the connector.

Quartz oscillator (), Fig. 7.8, (), Fig.7.9

a) loosen the captive thumb screws (:),
Fig. 7.8 holding the frame in position

b) raise the frame on its hinge and engage
the support far into the 1lug '
Fig. 7.8 on the side of the frame

c) disconnect the oscillator by pulling the
connectors on the end of the connecting
wire free. Observe polarity markings on
the oscillator for future reference.

d} loosen the oscillator mounting screws
Fig. 7.8 while at the same time holding
the oscillator so that it cannot fall

Electronics and control unit, Fig, 7.10 and 7.11

Before replacing modules in this unit check the
guide in Table 7.1

-1.

Power supply modules, Fig. 7.10

Remove the module retajining_screws (2) () on
the desired module @ . ; @ P @ and
remove the module by pulling on the radiating
fin structure.

Input power control module (), Fig. 7.11

Remove by pulling the module pull handle (:)
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Synthesizer digital switch module ()
(Fig. 7.11)
Remove by pulling the module pull handle

Control module C), Fig. 7.11
Remove by pulling the module pull handle

Monitor transmitter module C), Fig. 7.11

This module is removed b releasing the
module restraining screws (:g, Fig. 7.11

Pump H.V. supply module (:), Fig. 7.12
Remove the front panel of the H.V. supply

compartment - r Fig. 7.10

a) release the electronics and control (),
Fig. 7.11, retaining SCrews ’
Fig. 1.2, and pull the unit out of the
maser

b} check to be sure that input power switch

, Fig. 1.3, is on another position

than "H.T."

WARNING

The ion pump H.V. supply must
be de-energized before discon-
necting the High Voltage cables.
Dangerous voltages are present
in these supplies.

c) disconnect the pump H.V. cables C) ,C),
Fig. 7.12

d) disconnect the D.C. input and the
monitoring cables on the interconnecting
cable panel , Fig. 7.13

e) remove the four module retaining screws
, Fig. 7.12 and remove the power
supply mcdule
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Heater power amplifier module (:), Fig. 7.14

The heater power amplifier module is located on

he right side to the vacuum manifold compartment
, Fig. 7.1

a) remove the magnetic shield panel on the right
side of the vacuum manifcold compartment
(25 screws) '

b) remove the four connectors £from the right
side of the power amplifier module

c) release the module mounting screws at the
base of the module, and remove

Vacuum system components

Vacuum system components regquire special care in
handling in order to safeguard the internal
cleanliness and avoid damage to mating surfaces of
flanges. Furthermore, a thorcocugh analysis of the
vacuum system difficulties should be made by
experts before undertaking component replacement
(other than possibly the ion pump or hydrogen
bottle) to avoid possible contamination of the
vacuum system.

-1. Precautions

Some general precautions apply to vacuum
system components 1in general.

a) components should always be retained in
plastic containers which are dust proof.
Without this protection, the component
should have <covers on the  flanges
(usually plastic}, or be covered with
aluminum foil. Measures should always be
taken to avoid introducing contaminants,
dust, or foreign objects intc internal
surfaces of the vacuum system.

b) copper gaskets should never be reused. A
new OFHC annealed copper gasket must be
used each time a joint is changed
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cl when a joint is separated, the gasket may remain
in one of the flanges and not be removeable with
the fingers. In this case, a screw-driver or
similar tool may be judiciously employed to engage
the edge of the gasket to pry it out. Extreme care
should be taken not to scratch the flange surface
or damage the knife edge of the flange. These
surfaces should always be carefully checked before
making connections

d) mating surfaces should be cleaned with a lint-free
cloth and a solution of acetone. 0il, grease or
similar materials on wvacuum surfaces should be
scrupulously avoided, as well as lint, hair and
other such fine particles.

Valve operation

To close the wvalve, turn in the clockwise direction
from the open (counter clockwise) position. Near to end
of travel the torgue necessary to turn the valve will
increase, then decrease again. This is the center-lock
action, and the valve is now closed. Turning beyond
this point will bring the mechanism to an abrupt stop.
Do not turn against the valve stop, this is unecessary
and may damage the mechanism.

To cpen the valve, turn in a counter-clockwise direc-~
tion. On opening, when the valve mechanism passes the
center-lock position there will be a pronounced "clack"
sound in the valve. It is now open, and further turning
is unecessary.

The pressure on the two sides of the valve should be
equal before opening the valve.

Vacuum joints and component replacement

The vacuum manifold system is "suspended" between the
ion pumps and the maser physics by bellows in the
vacuum lines, Fig. 7.15 and 7.16. This flexibility
simplifies the alignment of the vacuum lines and flange
faces when installing or removing a component. Before
making the joint observe precautions § 7.3.5.7.1.
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The vacuum tight joint is formed by placing an unused
annealed copper disc between the flanges, installing
and tightening the bclts in the mounting flange to
hand-tight. While tightening by hand it is well to keep
the flange faces as nearly parallel as possible. Then,
with the 1l/4 inch box-end wrench tighten each bolt
successively around the flange by 1/4 turn always
keeping the two faces parallel until the faces are in
contact. In this manner the knife edge of the flange is
pressed into the soft annealed copper assuring a
hermetic seal.

Ion pump replacement, Fig. 7.14

Procedure for replacement of the internal or external
vacuum system ion pumps 1s essentially the same. The
procedure for replacing the internal vacuum system pump
is described below.

The same vacuum system manipulations will apply to
changing the external system pump.

a) remove the front panel of the vacuum manifold
compartment , Fig. 7.1. Remove the rear panel
of the electronics/control unit C) , Fig. 7.1,
then the magnetic shield in the ion pump enclo-
sure. Similarly, remove the right and left panels
and pump magetic shield panels on the electronic
control compartment. The ion pumps are now acces-
sible (@), Fig. 7.16.

WARNTING

Ion pumps are energized with 5 KV with a
current capacity up to a hundred mA. Con-
tact with these high voltage elements can
be lethal and must be avoided. Always check
that the pump H.V. supplies are OFF before
manipulation the connecting cables.

b) turn off the H.V. to _the pumps by placing the
power control switch C) , Fig. 1.3, to position
I!RFH
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If it is desired to continue pumping with the
external system pump, slide the electronics /
control unit out and disconnect the internal
system pump cable according to § 7.3.5.5..6 c¢)
above.

High voltage may then be turned on the external
system pump.

c) close the internal vacuum system valves C) C) '
Fig. 7.15
d) disconnect the pump from the wvacyum manifold by

unbolting the flange on the pump C’, Fig. 7.16

e) remove the pump and its rail mounting assembly(),
; , Fig. 7.16 by removing the retaining screws

4)

f) the pump is attached to the rail assembly by four
stand-offs

q) replace the pump and_ reinstall the pump/rail
assembly in the maser , Fig. 7.16

h) connect the pump to the vacuum manifeold as descri-

bed in § 7.3.5.7.3 above. Before the high voltage
is connected,_fhe pressure must be reduce to less
than about 10 TORR.

Ion pumps star-up

Connect the turbe molecular pump to the external pump
flange (@), Fig. 7.15 and § 7.3.5.7.3 using a flexible
vacuum line (1/4 inch min. drain). Before this connec-
tion is made, assure that the pinch-off fitting 1is
available {(VARIAN part No 953-5018), Fig. 7.2.1.

a) turn on the turbo pump and keep the valves closed
until pressure in the line from the turbo to the
maser vacuum manifold has descended to 1 x 10
TORR

b) open valve [V2] (:), Fig. 7.15 (maser internal

vacuum system). Continue to pump with the turbo in
this configuratigg until system pressure has
descended to 10 TORR
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c) open valve [V1] CD , Fig. 7.15 (internal_galve),
and continue pumplng tQ a pressure 10 TORR.,
Then open valve [V3 CB , Fig. 7.15, and subse-
queggly valve [V4] (i), Fig, 7.15, Pump to
10 TORR

d}) while turbo is pumping down the system, set up the
monitoring receiver +to check pump voltage, and
current, § 2.3.2 and l1l.2.3. Set monitor "ADDRESS"
to "25", "VAC ION INT" current, or "27" as appro-.
priated ’

e) connect the H.V. cable to the pump (), Fig. 7.16,
and after checking that the power control switch
is not on "H.T.- position", connect the H.V. cable
to the pump power supply, § 7.3.5.4 b) above

£) set power contreol switch to "H.T." and check pump
current on monitor "ADDRESS" 25. and 27. The pump
should start and indicate a current < 2 mA.

Leave H.T. on and continue pumping with turbo and
ion pump until current less than about 500 uA is
obtained.

g) close the two external valves [V2] (:)and [VB}CD.
Check that ion pumps are pumping normally by
checking pump voltage and current on the monitor.

External pump close-off

The pinch-cff disc which was removed to connect the
turbc pump may not be .reused. A replacement piece
(VARIAN part No 953-5018) must first be connected to
the turbo by means of a short length of rubber tube as
shown in figure 7.21

The pinch-off disc and tube are of annealed oxygen—-free
(OFHC) copper. Bolt the disc to the maser manifold
flange using the original flange rings and bolts, and
the method indicated above.

a) connect the turbo pump in the same fashiPn and
pump down the system to lower +than 10 TORR.
Valves [V2] and [V3] must remain closed during

this attachment and pump-down.
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b) when turbo pressure is below 10—5 TORR., make

the pinch-off (see Table 7.2). Assure that a
continuous pressure 1is applied to the pinch-
off tool to the point that the copper tube
separates.

CAUTION

The edge formed on the copper
pieces 1in the pinch-off process
are extremely sharp so that care
should be exercised in order not
to be injured by accidental con-
tact with these pieces. Epoxy or
silicone cement should be applied
to the pinch-off edge

c) open valve [V3] (maser exterior vacuum
system} of the maser. Leave[V2] {maser
internal vacuum system) closed. Observe pump
current monitor "ADDRESS" 27 to assure that
the seal to the turbo flange is good. Close
valve [V3].

Dissociator replacement, Fig. 7.14 and 7.15

The dissociator assembly contains the RF discharge
bulb, PIRANI/palladium elements for hydrogen
pressure control, and the state selecting magnets.

General

Sixteen bolts retain the source structure in the
maser, and are not visible from ocutside the maser
housing. They are accessible through 14 mm dia.
holes on the periphery of the dissociator orien-
ting flange () , Fig. 7.14. Three dissocator
orienting screws are accessible and visible on the
periphery of the orienting flange also. These
screws need not be touched during the replacement
of the dissociator.
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The maser heating system need not be shut off
during the dissociator replacement.

-1.

-2.

remove the vacuum compartment outer panels
(4), @ Fig. 7.1

disconnect the PIRANI/Palladium and RF
oscillator copnectors on the interconnecting
cable panel (8), Fig. 7.13

unsolder the electrical connections to the
PIRANI /palladium assembly and the RF oscil-
lator module

close valve [V2} C), Fig. 7.15. Connect the
turbo pump to the vacuum manifold, § 7.3.5.7.
Be sure that the turbo is equiped with a
dessicator in good condition.

close the hydrogen bottle shut-off valve (),
Fig. 7.17 (clockwise) , and __the hydrogen
system pressure adjustment (8) , Fig. 7.17
(counter-clockwise).

isconnect the hydrogen supply tube coupling
&5 r Fig. 7.18. Use a wrench to retain the
pressure reducer output fitting E) '
Fig. 7.18, immobile while turning the coup-
ling

turn off H.V. to ion pumps with power control
switch, Fig., 7.1l1

turn on turbo pump _gpd pump down external
vacuum line to 10 TORR. (remember that
valves [V2] and [V3] are closed). When this
pressure 1s obtained, open the valves [V2]
and [V3], then shut off the turbo pump. The
inner and outer vacuum systems will come up

to atmospheric pressure through the turbo
dessicator.

IMPORTANT

Pressure difference between inner
and outer vacuum system should al-
ways be the minimum possible be-
cause the cavity quartz bulb forms
part of the separation between the
two vacuum systems.

Wait about three hours befcore proceeding in
order to allow the dry air time to fill the
maser vacuum spaces.
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Pass an allen wrench through the holes in the
orientation flange and loosen the 16 mounting
bolts slightly. Leave two diametrically
opposed bolts in place (to retain the disso-
ciator) and remove the other 14 bolts.

While supporting the assembly with one hand,
loosen the two remaining bolts alternatively
until they are free, and the assembly may be
lowered and removed.

Be sure that the copper gasket cames out with
the assembly. ‘

Place the assembly immediately in a plastic
dust-free container.

NOTE

Every precaution should be taken to
maintain a clean and dJust-free at-
mosphere around the maser during in-
stallation of the source. Avoid air
currents, and allow only the minimum
number of personnel in the area.

Installation

Proceed as follows

a) open the packaging of the replacement
source as close to the maser as pos-
sible. Be sure that a new copper gasket
is in place. Then holding the dissocia-
tor housing , Fig. 7.14, in one hand
with the state selecting magnet struc-
ture upward, orient the assembly in the
sense of installation.

Place as close to the source installed
position, and remove the cover on the
state selector. Immediately slip the
assembly into the opening and raise it
up until the mounting flange bottom on
the maser structure.
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-12,

b)

c)

d)
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place a mounting bolt on the allen wrench,
slide into bolt hole in the mounting flange
and rotate the assembly to engage the moun-
ting bolt. Screw in the bolt several turns.
Then install a second bolt diametrically
opposite and tighten finger tight. Install
the other 14 bolts finger tight.

with the allen wrench tighten the bolts
successively about 1/8 turn each bolt until
the turning torque reaches the limit of the
allen wrench. Note that, by contrast with the
vacuum system flanges, there is no way to see
the flange faces during the tightening
sequence.

install the RF power oscillator, § 7.10

Follow the sequence of manipulations in reverse
sequence as noted above

a)
b)

c)

d)

Purge

connect the hydrcgen supply tube.
turn on the turbo pump

solder the connecting wires to the PIRANI /
palladium and RF oscillator module

reconnect the PIRANI/Palladium control and RF

oscillator connectors on the interconnecting
cable panel , Fig. 7.13

the hydrogen supply system according to

§ 7.3.5.10-1.

Pump-down, and pinch~off according to procedures
in § 7.3.5.7-5 and 7.3.5.7-6

A new dissociator may take a week or so of opera-

tion

after installation before normal-stable

conditions are obtained.
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Dissociator power oscillator replacement, Fig,7.14
The RF oscillator module C) , Fig. 7.14, 1is
retained in the dissociator housing , by three
retaining screws . Proceed as follows

-1, unscrew retaining screw and slide the module
downward taking care not to rotate the
assembly

~2. disconnect the RF cable , Fig. 7.13,
unsolder the D.C. connections on the RF
oscillator

To install replacement, observe carefully the
index marks on the disscociator housing and
the RF oscillator module mounting plate. It
is important that these marks be aligned
before the helix is engaged on the dissocia-
tor bulb. Regular mis-alignment can damage
the connecting tube to the dissociator bulb.

-3. reverse steps 2 and 1 above.

HYDROGEN BOTTLE INSTALLATION AND REMOVAL

{see Fig. 2.1 for location)

The hydrogen bottle and asscogiated pressure
reducing system @ ' @ ’ @ ; @ ’ @ ’ and

, Fig, 2.2 and 2.3 is removed or installed as a
unit. Replacement o©f the hydrogen bottle 1is
covered in paragraph 2.4.

IMPORTANT

Whenever the hydrogen bottle is to be
removed or installed assure the follo-
wing

1) The hydrcocgen bottle valve
Fig. 2.2, is firmly closed

2) The palladium pressure regulating
valve is set to zero with the con-
trol potentiometer full counter
clockwise 65, Fig. 1.3, on the
control panel

3) The hydrogen pressure regulator is
set for zero pressure by_turning the
valve counter clockwise Fig. 2.2

4) A pinch-off tool is available, see
table 2.1
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Installation

Before the bottle is installed and connected, it is
convenient to open the maser supply tube @) , Fig.
2.3, to allow later purging of the hydrogen supply to
the palladium valve. This can be accomplished by filing
a notch near the pinch-off end of the tube then brea-
king, or using side-cutting pliers and being sure that
there is an opening at the end of the pinch-off tube.

- loosen the mounting strap restraining screw and
strap @) ' Fig. 2.2, to _allow placing the
bottle in the mounting cradle

- install the bottle in the cradle with the reducin
valve and pressure gage above the bottle, () ’
Fig. 2.2, and tighten the strap restraining screws

- connect the output of the pressure reducer P
Fig. 2.3, to the maser hydrogen supply system via
the coupling, ig. 2.3. The pressure reducer
output fitting, Fig. 2.3, should be_ held
immobile with a wrench while the coupling @E is
being turned (either tightened or loosened). First
examine the tubing end and ferrules of the coup-
ling () to be sure that they are clean and
undamaged. Then insert the tubjing with its fer-
rules into the fitting body and tighten
to a hand-tight condition. Second, with a wrench
tighten the coupling nut (5 , while at the same
time retaining immobile as mentioned above,
until a sharp rise in torgue is felt, then simply
snug. This takes about 1/4 turn.

- open the hydrogen_ bottle shut-off valve slowly
about 1/4 turn, Fig. 2.2, counter clockwise
direction. The bottle pressure gage should read
between 20 and 200 atmospheres éb , Fig. 2.2.
Presgure reading on the reducer output should be
0, Fig. 2.2 if valve ‘ is closed (counter
clockwise rotatiocn).

- before admitting hydrogen to thg maser system via
the pressure regqulator valve () , Fig. 2.2 have
ready the pinch-off tool

- open the pressure regulatecr valve by turning
clockwise about 1/4 turn. An output pressure of 1
atmosphere will be shown on the pressure gage CD,
Fig. 2.2.
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allow hydrogen to purge the maser supply tube via
the open pinch-coff tube () , Fig. 2.3 for about 1
minute. ‘

IMPORTANT

Failure to purge the maser supply system
which has been opened to air will result
in improper operation and possible damage
of the palladium valve.

pinch-off the tube () near 1its open end by
applying a steady pressure to the pinch-off tool
until the copper tube separates. Cover the exposed
edge with epoxy or other means to protect the
edge.

turn the hydrogen bottle shut-off valve '
Fig. 2.2, to the full open position (full counter
clockwise rotatio Assure that maser hydrogen
system pressure, 65 . i1s between 1 and 2
atmospheres and adjust as necessary.

Leak test

The hydrogen system is tested for leaks by two methods:

a)

b}

a leak. detector liguid applied to the couplings
and joints

observing the hydrogen system pressure change.
This test is made after maser is operating.

Proceed as follows :

a)

use a leak detector ligquid such as "air-tec"
manufactured by AMERICAN GAS AND CHEMICAL, INC.
511E. 72nd Str. New York, 10021.

With a syringe or eye-dropper apply a drop of
liguid on each joint in the system, Fig. 2.2 and
2.3, 1including the joints on the bottle-~to-valve
tube. Presence of any growing bubbles 1in the
jeints indicates a leak and should be corrected by
tightening the joint, or in some cases replacing
the washer or ferrules in the joint. (See the
maintenance manual for complete replacement
instructions).
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b) refer to § 3.11.3 and set the dissociator pressure
to abouf 0.2 Torr. Close hydrogen bottle shut-off
valve , Fig. 2.2. Observe pregssure reading on
hydrogen bottle pressure gauge 65 , Fig. 2.2. The
pressure will diminish about 10 atmospheres per
week for normal hydrogen consumption. If it is
significantly greater than this, consult the
maintenance and repair manual.

When t%f;s are completed, open the bottle shut-off
valve

Hydrogen bottle removal

The hydrogen bottle will normally be removed for :

1) Shipping the maser
{according to the transport regulations)

2} Removal of the bottle is essentially the reverse
of installation. Detail of manipulations are
contained in § 2.4.1 above

To remove the bottle, these steps are carried out

1) Turn-off palladium valve in maser hydrogen system

2) Close pressure reducer by turning the pressure
‘reducer valve counter-clockwise

3) Close hydrogen bottle shut-off
(clockwise rotation)

4) Disconnect maser hydrogen system from the pressure
reducer via coupling nut

5) Loosen retaining strap screws

6) Remove bottle
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Pos.|Nb Désignation Valeur Type et N9 Fournisseur
1 ) »(\‘QLH* WMETme. K0CT - 20-95 4/’“ = JO/'\;:’NTELEC
- 2 |2 JhksMoonitude (oo — MM L "?”\) FENNER
= |2 [8ertmllde COT MM ZLCA6 N i
4 |2 |HxD flip Hop MM ZLCAFA N i
5 |/ pbual monczxade CD U528 £CN I
o |4 | rex Buffer DT %g?_oN I
=z |4 fBual line reecaer DS RETC 0
§ |1 |Dual Diferential DS 88”‘“ i
9 1L [Decoder MCALLIEF MNOTOROA
A 141 awkh D 30{C7 SILICONIX
< LM 1} [Gverbiscer AD 7525 KN ANALOG DEVICE
e L2 |/ ' TLORCP FABRIMEX
—t 12 |1 |Voltage Baence REF-0! BOURNS
I 12 |Sccle 2edtes CT-083-T MEAEX
=3 I8 N ICT-1L2-ST I
R E 6 CT-163-ST l
i+ 1 g CT-182-2T fl
1 12 |Reerance 200 Nk /h/g\z //:1 £2.00} UL
19| i K "1 B4H7 i
0 12 ; 0K i =LK i
2 i Il 15K It o A{A02 I
20 |1 i 2K voonon £890% i
25 U I 20K [ )1 53008 i
7/ ) f 100K ! A i
T y25 VA |Cord. cZramicue IGnf AN CONFPONENT
%6 |+ l i 100nF " [
¢~ |/ }lond rantale 4}1%'/401/ SIEMENS
28 12 | » e {
29 15 et Telavan "5a/+ JOLZ
20 |11 |Deoce HP RACKICOHER
2 14 Tronsizior. 2N 23804 NLCL MOTORDL,
2 14 i IN 3906 TNERTh, I
22 |1 [Potenhomere 40K CONTELEC
A |1 Cormnectousr 2 1Qedles 2M
= I Likon 2x29 pdles LITTON
—q 26 |2 |Uctete cylindnque fondue M2Ex Grm/nickelss BOSIARD
ModlHfications ) it .
liste de piéces )
SCCCETIUR PMONITORNG'! Orana 4
Remplace ie No

EBAUCHES SA NEUCHATEL

DEPARTEMENT TECHNIQUE

_.40. 02 132
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Pos.|Nb Désignation Valeur Type et N@° Fournisseur
1 [ | Magasn a carde [T ] Yod. 687 41-160 -24 ELMA
2 |4 |Bonoe toraudée M3 Moa. 68T 63~065 u
3 19 Comneacteur DIV 41612, | F65-c033-0602-3 LITTON
i V& |Vistete cylndrigue Lenolue HEExGmm [Nicke/Se EQSSARD
5 WM Aodett ressord M2,5 "
o |2 |Guoe aarte 63-028 ELMA
F V0 |Vis féte cylimaticue en crox M3x Ermm EOSSARD
g
9 12 VeurocARp 24v Q0. a+C £308 2/ FOLYAMP/ECS
70 1/ A oo E20B15-15 " !
o L7 1/ noh BYTY oo £3085515-15 I /
2 L~
— /3 11 |Alim. Bofery e -40-02-#Hé1
M V4 |Codeur 800240-02-1162
5 |4 | Cord S002-40-02- #62 /1
& V1 | Mowtoring 8002-+0-02 -#E5
/7 -
15 V2 | Crewrd jrmprime JK02 - 20-25- el A
//g / P I nooonu oA
2 14 i " 7 r 4 C
2% 1/ " " 02-2-26-165 A
2 W/ " y VR A B
2% 4 " it i T " c
/R " iy won w4 D
— I :
20 |93 |Prot a fourche 537, 24 JALGER
7 | 3 | Cosse AMP V30.258 PIF/EGL) FISCHER
28
29 | 1 | %rneav fookd rmbeatakie 202-40-/2-1189/1
0 |2 lied vere MV 5952 GL/MOCR
3 2 | Suypoort /e MPE2 ]
2 2 Nlmecteurey, Sere G7 MSBI0ZA USERP AMPHENCL JHIRT
33 | & |Vis féte cyimarigue en cron M3X Emm BOSSARD
2 E | Konaele resord M3 /!
3 V& |Ecrou M3 I
36
77 |/ [Raccord PG 48.202C. A222 =
35 1/ | Soncle Tomb. $002 -~ 40-02- 1450
39
L0 V1 \VFlogue dinteconmecten 002-40-12-#59/2
| L Entretoce AEE,Z10 TALGER
w2 1 8 Vicete o/l en crom 13x 8 EOSARD
43 | B VRonosle ressor MZ /"
e V4 | Foncelle M3 1/
Modifications . B Ecrit :
liste de pieces Canoe
OITIER ELECTRONIGUE Origoa d

Rempilace le No

EBAUCHES SA NEUCHATEL

DEPARTEMENT TECHNIQUE

_207 . 40.02. #5891 _
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Pos.|Nb Désignation | Valeur Type et N2 Fournisseur
L5 V5 {lerneckour 2" carnen DE 98 XONTAKT SYSTEME
wo | ¢ " " DEGF I I
17 | 7 | Veroulage DE 5122 -1 " v
b8 V1 | Cormectenr * 27 Conncn DA 1S5S i P
L8 | 1 | Verrouillace DA 51720 -1 U i
50 V4 | Comecteur D" Carren D8 258 Ji //
/R E \/errow//z??e 7B 57271 7 7
3
Mod ns ™ " T
s liste de piéces e
BOITIER ELECTRONIQUE Original du
Remplace le No

EBAUCHES SA NEUCHATEL

DEPARTEMENT TECHNIQUE

| s002_ . 40.02.159/2 _
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VERT ROUGE
MV5253 MVST753
o (o] o] (o) (o] o}
10 6 10 6 10 6
Al 1&
I D1 D2 D3
1 5 1 5 1 5
O FNDS61 O || O FNDS60 O || O FNDsso O
40 - 5 1
| o o |
| |
Q o]
L 39 3MLOP N°3.32-2302 1 _
(o} (o) o] o
I LBEJ—RG 1—6P.J_ — 1] 10 6 10 6
> — N ~pe= N
N~ D4 D5
M731 M731
z Qa |, s || 1 5
QO FNDS%0 ©O QO FNDS60 O

RECEIVER READOUT

(OMPONENT MOUNTING
8002-40-24-1154

19.11. 8240
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Pos. | Nb. Désignation Valeur Type et N2 Fournisseur
4| 4V Grewd mprmé_ §002- 20-25-HEL FENIELLC
2
3 |7 | Diplay VD 561
g Y’ M 560
9]
6 |2 | omecteur  2x20 2432~ 2302 M
Z |4 | Brocke G0° M6 H68-113 (06012 160 KR/ (GT6¢5
¥ 14 |Bobhe qvar 106 BE35-077 /06712 2D/ n_
9 |6 | MuH UFH2 06018 250 v
19
o |M 12 |Reustonce 120 /RP5/2322 151 51604 PHILIS
p .
Modifications » B Ecrit :
liste de pieces ot
AFEICHAGE " RECEPTEUR” Orginal dv

Remplace le No

EBAUCHES SA NEUCHATEL

DEPARTEMENT TECHNIQUE

_ 202 .40.02. 754 __
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Pos. th. Désignation Valeur. | = _Type et NQ ,”H Foumlount_.l
- 4 V1 Corte vero Europe ' ‘ ITT/ESD

2 W | Tk, forcidale
_ 2 V4 | Redresseur 8FO4

4 V1 Y Cond. éleckripbgue. 65907 o P

5 V7 Dece 4$osL2
- 6 |7 |Comnecteur Lithon Ex30bc/ec 96 P- 6032-0523 -0 EGULI F7SCHIR

= :
. g V7 | Fomeau ELMA

G | 1 | interruptews~ £AO O1-264 22 0009 DISTRELEC

10 141 | Colote rouge £RJ O1-90!1 20021 ,,
_ e V1 V1 | Lampe felephone 20V 25 001l "

S % {7 [Copet arvotont 00 0085 7
| ¢
S
_ Medifications " R Y . ‘Ecrit :I
_liste de piéces ==
CARTE TRANSFORMATEUR (MoN/TORG) | Oiel dv
— | Rempiace le No
EBAUCHES SA NEUCHATEL

N DEPARTEMENT TECHNIQUE

_____.40.02.__ __

| el
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Tube caoutchouc mou
83/6x5

Sonde

2x rondelle M3

o1

Tamb 8002 -40-70-7790




F

Pos, | Nb Désignation Valeur Type et NoO Fournisseyr
7 V7 |Borter $008- 40 -12- 115074 .
2 Beowchon Sene-/omnr " v D .
Sl /” P v v /9
4 171 | Gtretom S Y N
5 17713 7e - jont | Goskboue oy, 26/ S5
6 |2 Konc/ete M3 BOSSHRD
Z
g 17 |7zmp TRMNDLER 4D 590 JH MGG DEyice s .
9 17 Jcade S
2 11 15 rBP8 . 030 GPo5 LEMD ]
<
R <
Modifications . LY Ecrit , '
T liste de Pleces Ty T
’ SONDE D€ IEMFERATURE Original dq.:
Rempiace 1e No
EBAUCHES sp NEUCHATEL _ ]
DEPARTEMENT TECHNIQUE |- &0z, 4002 NI _ _




CONNEGC T OR "SYNTH. DIv."

********************************

la, ¢
2a, ¢

Sa
5¢
6a
6c

7a
7c
8a
8¢

9a

10a
10c

lla
llc
12a
l2c

13a
13c
l4a
l4c

15a
15¢
l6a
lé6c

17a
1l7¢
18a
18c
194
19¢
20a
20c¢c
2la
21c
23a
23c

MULTISWITCH M861s

NC
BLACK COMMON
YELLOW 4
GREY 8
BROWN 1 LSD
RED 2

4

8

1

2

4

8

1

2

4

8

1

2

4

8

2

1

4

8

2 MSD

1
NC
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CODEURS

Pos.|Nb Désignation Valeur Type et NQ Fournisseur
4V 7 | Crewrt mmprimz 5002-30-85 - 1163 [HRINTELEC
2 V7 | Connectesr DIV 41612 96P- 5033 -0523-0 LITTON
2 | 2 | Vihete ophndmove fencliue 2,55 10w/ kel BOSSARD
4 V2 |ou ' NZ5 v
5
6
7
¥
9
10 |1 VFomeou fronkd S002-40-12-H6 3
< |7 17 lroanee G567 TAEGER
e V72 12 lvs#f oindrigue MZx S BOSSARD
— 13 V4 VVietete qinciioue Lendise W25 6 o/ Nrckelee /
#o |4 VReondele record H2,5 [
19
16 | 6 |V Nutiswitch M E61.8 CONTRAVES
/Z |3 ! MO0 ’
158 V4 |Equerre latérale MV5 /
9 s 1 ¢ ’ MWh '
20 V2 |Tige hiletee NEx 80 rurn "
A V2 Neerow fena N2 )
22 |3 |Goupille de blocage FEx5 [V
Modlifications - .\ Ecrit :
liste de piéeces ot
Original du

Rempiace le No

EBAUCHES SA NEUCHATEL

DEPARTEMENT TECHNIQUE

002 40.02.752 _














































